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I. 


INTRODUCTION 

The  prevention  and  cure  of  human  cancer  is  the  ultimate 
goal  of  cancer  research.  The  achievement  of  this  end  how- 
ever, has  been  delayed  by  the  perplexing  nature  of  the  dis- 
ease. Tumor  tissue  is  characterized  by  its  escape  from  the 
forces  which  govern  the  growth  and  differentiation  of  normal 
tissues.  Its  rate  and  manner  of  growth  are  at  the  expense 
of  the  organism.  Therefore,  it  is  vitally  important  to  know 
the  nature  of  the  forces  operating  within  normal  and  cancer- 
ous growth.  The  recognition  of  these  forces  and  properties 
of  cells  may  be  realized  through  a comparison  between  the 
normal  and  tumor  cell.  This  necessitates  a study  at  the 
cellular  or  even  molecular  level  where  differences  in  cells 
may  be  traced  to  differences  in  the  chemical  constitution  of 
the  molecules  which  make  up  the  cell.  Great  significance  is 
attached  to  a study  at  the  molecular  level,  since  at  this 
level  a correlation  of  biological  phenomena  can  be  made  into 
laws. 

Problems  of  cell  metabolism,  of  chemotherapy,  and  of 
carcinogenesis,  are  chemical  approaches  to  cancer  made  at 
the  molecular  level.  Chemotherapy  and  carcinogenesis  are 
intimately  connected  since  many  of  the  chemical  agents  used 
in  cancer  therapy  are  themselves  carcinogenic,  iixperiments 
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in  carcinogenesis  are  primarily  concerned  with  the  chemical 
induction  of  cancer,  and  the  means  of  preventing  or  reducing 
the  incidence#  With  chemical  carcinogens  of  known  constitu- 
tion, it  has  been  possible  to  upset  the  equilibrium  of 
forces  and  factors  operating  within  normal  cells  to  produce 
neoplastic  cells.  By  investigating  the  interrelations  be- 
tween tumor  Induction  and  changes  in  the  affected  cell  or 
organism,  or  by  modifying  the  chemical  configuration  of  the 
carcinogen  in  such  a way  as  to  throw  some  light  on  the  cell 
constituent  it  reacts  with,  it  may  be  possible  to  determine 
the  manner  in  which  the  agent  acts,  its  point  of  attack 
within  the  cell,  and  the  chemical  transformations  it  brings 
about.  This  information  will  expand  the  knowledge  of  the 
balance  of  forces  and  properties  governing  normal  cell 
growth. 

The  use  of  chemical  agents  for  the  inhibition  and  con- 
trol of  tumor  growth  constitutes  the  chemotherapeutic  ap- 
proach to  cancer.  However,  experimental  chemotherapists 
are  working  under  a great  handicap,  because  as  Haddow  (128) 
has  stated  s "We  are  in  effect  expected  to  undo  what  can 
almost  be  regarded  as  a natural  process,  which  proceeds  in 
one  direction  with  facility,  but  must  from  its  essence  be 
considerably  more  difficult  to  reverse. * In  Haddow* s opin- 
ion, the  most  fruitful  results  in  chemotherapy  will  come 
\ / 

from  persistent  investigation  of  the  mode  of  action  of  car- 
cinogens, so  that  from  the  knowledge  of  the  nature  of  the 
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process  occurring  in  one  direction,  methods  may  be  devised 
for  a deliberate  reversal.  He  also  believes  that  in  the 
event  that  this  ideal  situation  cannot  be  effected,  it  is 
still  possible  that  useful  therapeutic  effects  may  be 
brought  about  by  substanoes  powerful  enough  to  inhibit  the 
mechanism  of  cell  division  in  tumors,  without  greatly  affect- 
ing the  normal  tissues. 

Although  a number  of  agents  have  been  discovered  by 
chance  which  are  able  to  Inhibit  tumor  growth  to  a certain 
extent,  rapid  advances  in  cancer  chemotherapy  cannot  be  ex- 
pected without  a knowledge  of  the  processes  involved*  The 
empirical  approach  or  random  testing  of  agents  for  their 
activity  should  not  be  minimized  however,  since  as  Greenstein 
(120)  has  said:  "it  must  be  ruefully  admitted  that  the  world 

might  still  be  waiting  for  the  benefits  of  digitalis,  of  mor- 
phine, of  quinine,  and  of  penicillin,  were  these  therapeutic 
discoveries  to  be  made  on  a rational  basis."  Therefore, 
since  the  problem  of  canoer  is  so  urgent,  both  the  empirical 
and  rational  approach  merit  effort. 
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HISTORICAL 

A.  CAN  CAR  CHHMOTHiHtAPHUTIC  AGENTS 

Kamofsky  (169)  defines  cancer  chemotherapy  as  the  use 
of  a systemically  administered  agent  which,  while  relatively 
non-toxic  to  the  host,  will  interfere  with,  favorably  modify, 
or  destroy  a neoplastic  growth  or  alleviate  its  deleterious 
effects  on  the  host.  On  the  subject  of  cancer  chemotherapy, 
Haddow  (128)  points  out  that  various  chemical  substances 
such  as  arsenic,  antimony,  mercury,  and  other  caustics  were 
used  in  attempts  at  "chemotherapy  (of  a kind)"  long  before 
the  development  of  modern  surgical  and  X-ray  radiation  meth- 
ods. In  her  review  of  the  literature  on  chemotherapeutic 
studies  on  cancer.  Dyer  (76)  concludes:  "There  is  no  evi- 

dence to  indicate  that  a specific  tumor-destroying  agent  has 
been  found.  While  there  is  little  reason  to  expect  the  dis- 
covery of  a single  chemical  agent  which  will  destroy  either 
all  or  many  different  kinds  of  cancer,  there  seems  to  be  no 
chemical  known  which,  when  administered  systemically,  will 
cause  the  complete  regression  of  even  one  kind  of  cancer  and 
still  permit  the  survival  of  the  host."  This  statement  re- 
flects the  insurmountable  problem  which  chemotherapy  presents 
and  the  relatively  slow  progress  made  since  Burrows*  similar 
statement  cited  by  Haddow  (128):  "Although  the  physicians  of 

all  nations,  from  the  time  of  Hippocrates  to  the  present. 
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have,  by  numberless  researches  and  experiments,  made  trial 
of  everything  in  nature,  from  the  most  innocent  drug  to  the 
most  virulent  poison,  both  in  the  mineral  and  vegetable 
kingdoms;  yet  the  disease  still  baffles  the  power  of  physic. M 
However,  from  the  slight  advances  that  have  been  made  in  the 
last  decade,  more  than  were  accomplished  in  any  period,  there 
is  much  to  be  hoped  for.  A great  measure  of  the  stimulus  for 
further  study  in  developing  chemotherapeutic  agents  has  been 
provided  for  by  the  recognition  of  the  curative,  but  somewhat 
temporary  effects  of  such  chemical  agents  as  the  steroid  hor- 
mones, nitrogen  mustards,  urethans,  folic  acid  analogs,  pur- 
ines, pyrimidines,  and  related  compounds.  The  advantages  to 
be  found  in  using  chemical  techniques  rather  than  surgical 
or  irradiation  techniques  are  quite  evident.  Surgery  and 
irradiation  are  confined  to  treatment  of  locally  visible 
tumors  and  are  rather  strenuous  on  the  patient,  bringing 
about  many  ill  side  effects.  On  the  other  hand,  the  chemioal 
therapeutic  agent  can  be  administered  to  the  body  via  a 
number  of  routes  and  selectively  taken  up  by  the  parent  tumor 
and  any  metasteses,  visible  or  not  visible.  Furthermore, 
chemicals,  provided  they  can  be  given  to  normal  patients 
without  great  toxic  effects,  would  eliminate  chance  surgery 
or  Irradiation  when  the  question  arises  whether  or  not  a 
tumor  is  present.  With  the  recognition  of  the  limitations 
of  surgery  and  irradiation  in  therapy  and  the  need  for  cancer 
control,  a consideration  of  these  agents  becomes  of  practical 


and  theoretical  importance* 
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1*  Hormones*  The  relationship  of  steroid  hormones  to 
abnormal  growth  constitutes  one  of  the  major  fields  of  cancer 
research  at  the  present  time.  Palliative  therapy  in  patients 
with  certain  types  of  advanced  cancer  has  been  effected  ei- 
ther through  the  production  of  hormonal  imbalance  by  with- 
drawal of  hormones  (castration)  or  conversly  by  the  addition 
of  androgenic  and  estrogenic  hormones.  The  steroid  hormones 
have  been  widely  used  in  the  treatment  of  carcinoma  of  the 
prostate  and  breast  in  addition  to  the  treatment  of  chronic 
lymphatic  leukemia,  lymphosarcoma,  acute  leukemia  and  multi- 
ple myeloma.  The  present  discussion  will  be  confined  to  an- 
drogen and  estrogen  therapy  of  carcinoma  of  the  breast  and 
prostate.  Griboff’s  (121)  excellent  review  on  the  field  of 
hormonal  therapy  in  cancer  is  recommended  for  further  study. 

Some  of  the  more  important  steroid  hormones  which  are 
used  in  cancer  therapy  are  illustrated  structurally  below,  I. 
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All  of  the  naturally  occurring  steroid  hormones  have  a ster- 
oid nucleus  with  a methyl  group  on  carbon  13.  The  chemistry 
natural  and  artificial  steroid  hormones  has  been  recently 
reviewed  by  the  Council  of  the  Pharmaceutical  Society  of 
Great  Britain  (57). 

In  1916,  Lathrop  and  Loeb  (198)  demonstrated  that  ova- 
riectomy of  female  mice  reduced  the  Incidence  of  spontaneous 
mammary  carcinomas  in  high  cancer  strains.  Confirmation  of 
this  work  was  made  by  others  (54,  24l).  Lacassagne  (189) 
demonstrated  that  the  administration  of  estrogenic  hormones 
to  male  rats  of  high  cancer  strains  increased  the  incidence 
of  mammary  tumors.  This  evidence  prompted  Lacassagne  to 
suggest  the  use  of  androgens  for  therapy  of  cancer  of  the 
breast.  Subsequently,  it  was  found  by  a number  of  investi- 
gators (101,  135*  136,  167,  215,  244)  that  testosterone  sig- 
nificantly  reduced  the  incidence  of  mammary  carcinomas  in 
mice  of  high  cancer  strains.  Androgenic  treatment  of  pa- 
tients with  mammary  carcinomas  has  been  used  with  some  suc- 
cess (1,  58,  145,  171,  272,  303). 

The  inhibition  of  mammary  gland  formation  and  decreased 
Incidence  of  breast  turaorB  in  mice  was  effected  by  large 
doses  of  estrogen  (100  , 291).  £isen  (78)  demonstrated  that 
large  doses  of  estrogen  inhibited  the  growth  of  transplanted 
mammary  adenocarcinoma  in  rats.  Some  benefit  has  been  de- 
rived from  synthetic  and  natural  estrogen  treatment  of  clin- 
ical patients  with  advanced  mammary  carcinoma  (131,  146,  242, 
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243).  Included  among  the  synthetic  and  natural  estrogens 
being  studied  or  used  are:  ethinyl  estradiol,  diethylstil- 

bestrol,  estradiol  dlproplonate,  dienestrol,  estradiol  ben- 
zoate, monomestrol,  tri-p-anisyl-chloroethylene,  dimethyl 
ether  of  diethylstilbestrol  and  triphenylchloro ethylene  (121). 
Gellhorn  (107)  states  that:  “EBtrogens  should  be  limited  to 

patients  at  least  5 years  postmenopausal.  Disregard  of  this 
condition  may  be  followed  by  fulminating  progression  of  the 
malignant  disease. 11  With  regard  to  the  mechanism  of  action 
of  androgens  and  estrogens  in  human  breast  cancer,  Gellhorn 
believes  that  insufficient  evidence  has  been  obtained  to  de- 
termine the  fundamental  action  of  hormones  on  the  neoplastic 
breast  cells. 

The  activating  influence  of  androgen  on  prostatic  car- 
cinoma has  been  established  (159,  160).  Castration  or  estro- 
gen administration  in  order  to  decrease  this  activating  in- 
fluence has  been  termed  androgen  control.  Androgen  control 
therapy  has  brought  about  some  benefit  but  cures  are  extremely 
rare  (68,  109,  123,  144,  171,  300).  Various  natural  and  syn- 
thetic estrogens  have  been  used  with  equal  benefit  thus  im- 
plying that  the  physiologic  action  of  testosterone  deprivation 
is  involved  (22,  74,  131,  143,  174,  225,  254).  While  steroid 
hormones  have  produced  temporary  palliative  effects  in  sev- 
eral types  of  cancer,  either  through  the  relief  of  suffering 
or  prolongation  of  useful  life,  it  may  be  necessary  to  intro- 
new  chemical  compounds  into  the  field  in  order  to  bring  about 
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the  final  answer. 

2.  Nitrogen  Mustards.  Nitrogen  mustards  have  been  used 
with  some  success  for  a number  of  years  in  the  treatment  of 
patients  with  Hodgkin’s  disease,  chronic  leukemia,  and  to  a 
less  extent  in  disseminated  lymphosarcoma  and  bronchogenic 
carcinoma  (99,  107,  172,  326).  Destruction  of  lymphoid  tis- 
sue and  depression  of  bone  marrow  function  are  the  effects 
produced  in  the  normal  organism  by  therapeutic  doses  of  ni- 
trogen mustards.  These  toxic  effects  on  normal  tissues  ac- 
company the  therapeutic  action  of  nitrogen  mustards  in  the 
treatment  of  certain  neoplastic  diseases  (107).  Despite 
this  major  limitation  to  effective  therapy,  the  clinical 
results  obtained  have  been  sufficiently  encouraging  to  war- 
rant further  search  for  other  compounds  possessing  the  same 
basic  structure  but  more  effective  chemotherapeutically. 

The  chemistry  and  pharmacology  of  the  nitrogen  mustards 
have  been  described  by  Gilman  and  Philips  (113,  265)  who 
summarized  the  work  that  was  carried  out  by  a large  number 
of  investigators  during  World  War  II.  References  to  review 
articles  concerning  the  chemistry  and  pharmacology  of  the 
nitrogen  mustards  are  given  more  recently  by  Philips  (264) 
and  Ross  (285). 

The  mechanism  of  action  of  the  nitrogen  mustards  is 
still  under  much  investigation,  but  from  the  facts  already 
known,  a general  interpretation  of  the  fundamental  biochemi- 
cal activity  of  these  compounds  can  be  made.  Tris-(/3-chloro- 
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ethyl )amine,  II,  and  methyl-bls-(£-chloroethyl)amine,  III, 
are  two  of  the  more  Important  nitrogen  mustards  which  were 
first  tested  clinically  in  the  treatment  of  various  neo- 
plastic diseases. 


IV 


-a-CHa-S-Protein 
+ HG1  CHa-N  + HC1 

\h8-< 


ig-CHa-Cl 

VI 


Both  the  nitrogen  and  the  chlorine  atoms  are  highly  reactive, 
for  example,  when  methyl -bis-(£-chloroethyl)amine,  III,  is 
placed  in  aqueous  solution  at  temperatures,  pH  and  dilutions 
corresponding  to  biological  conditions,  ring  formation  results, 
with  the  production  of  the  cyclic  immonium  cation,  IV.  This 
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immonlum  cation  Is  highly  reactive  chemically  and  readily 
combines  with  water  to  yield  methyl  /3-chloroethyl-£-hydroxy- 
ethyl  amine,  V.  After  the  first  ring  has  formed  and  reacted, 
the  second  chloroethyl  group  undergoes  cyclizatlon  and  reacts 
with  water  to  give  methyl-bls-(/3 -hydroxy ethyl) amine.  The 
cyclic  immonlum  cation  is  assumed  to  be  the  biologically 
active  compound  and  is  capable  of  alkylating  a variety  of 
natural  compounds.  For  example,  in  the  presence  of  more 
reactive  groups  such  as  the  functional  groups  (-SH)  of  pro- 
teins and  other  compounds,  the  immonlum  cation  reacts  prefer- 
entially to  water  and  attaches  itself  to  these  compounds  to 
give  derivatives  of  the  type,  VI.  It  seems  to  be  fairly  well 
established  that  the  cytotoxic  properties  of  the  nitrogen 
mustards  are  due  to  the  ability  of  the  cyclized  immonlum 
cation  to  react  with  chemical  radicals  of  biological  impor- 
tance. Accumulating  evidence  (107)  points  to  the  nucleic 
acids  as  the  cellular  site  of  action  of  the  nitrogen  mustards. 

Haddow  et  al.  (129)  investigated  a series  of  aromatic 
nitrogen  mustards  and  found  certain  of  their  derivatives  pos- 
sessed marked  tumor  inhibitory  activity  in  animals  and  are 
much  less  toxic  than  the  aliphatic  nitrogen  mustards.  Recent 
reports  by  Ross  (284)  and  .Everett  (86)  concerning  aromatic 
nitrogen  mustards,  questioned  whether  the  nitrogen  mustard- 
like  biological  action  of  these  compounds  can  be  related  to 
the  formation  of  the  immonlum  cation  intermediate.  Ross  (285) 
suggests  that  since  aromatic  amines  are  weaker  bases  than  all- 
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phatlo  amines,  the  carbon! um  ions  derived  from  the  arylhalo- 
genoalkylamlnes  have  less  tendency  to  cycllze.  If  an  imrnon- 
ium  cation  is  formed.  It  would  be  less  stable  than  the  ali- 
phatic analogs.  Since  no  evidence  was  found  for  the  exis- 
tence of  cyclic  imisonium  cations  in  the  case  of  aromatic 
compounds,  VII,  Goldacre,  Loveless,  and  Ross  (114)  suggested 
a reaction  of  the  earbonlum  ions  of  a nitrogen  mustard,  VIII, 
resulting  in  cross-linkage  of  protein  or  nucleoprotein,  IX, 
constituents  of  chromosomes. 


CHa-CH8-Cl 

Q-{ 

CHa-CHg- 


/ W + 2C1* 


Cl 


\jHo- 


a-CHa 


VII 


This  cross-linkage  alkylation  theory  has  been  opposed 
by  JBiesele  et  al.  (26)  who  claim  that  chromosomal  alterations 
resembling  those  produced  by  polyfunctional  nitrogen  mustards 
can  be  readily  obtained  in  proliferating  cells  treated  with 
monofunctional  compounds.  They  claim  that  the  important  fac- 
tor in  the  activity  of  these  compounds  is  their  ability  to 
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form  unstable  3-membered  immonium  cations  since  monofunc- 
tlonal  compounds  cannot  bring  about  cytotoxic  effects  by 
cross-linkage  alkylation.  To  support  this  belief  they  point 
out  that  ethylenlmine,  X,  2-ethylenimino-4,6-dimethoxy-S- 
triazine,  XI,  as  well  as  the  polyfunctional  methyl  bis-(/3- 
chloroethyl)amlne.  III,  and  2,4,6-tris-( ethylenimino)-S-tri- 
azine,  XII,  cause  chromosomal  alterations  in  Crocker  mouse 
sarcoma  180  and  root  tips  of  allium  cepia. 


But  Loveless  and  Ross  (216)  point  out  that  some  of  the  mono- 
functional compounds  (ethylenlmine,  ethylene  oxide,  and  2- 
chloroethyldimethylamine)  only  cause  chromosome  breakage  in 
doses  fifty  times  that  of  the  bifunotlonal  compounds.  The 
monofunctional  analogs  do  not  effect  chromosome  alterations 
in  Walker  carcinoma  in  doses  of  the  same  order  as  the  bl- 
functlonal  compounds.  Furthermore,  since  l,4-bis-(methane- 
sulfoneoxy)butane  (CHaS080(GH,)*0S0*CHs),  which  cannot  form 
a 3-membered  ring,  causes  inhibition  of  sarcoma  180  and 
changes  resembling  those  of  nitrogen  mustards,  Ross  and  Love- 
less believe  that  the  general  feature  of  nitrogen  and  sulfur 


mustards  Is  to  form  a carbonlum  ion  instead  of  an  unstable 
3-mem bered  ring. 

One  of  the  most  effective  tumor  inhibiting  compounds 
containing  3-merabered  nitrogen  heterocyclic  rings  is  2,4,6- 
tris-( ethyl enimino)-S-triazine  ( trlethylenemelamine,  TEM), 

XU  (328).  This  compound  has  been  shown  to  have  a range  of 
therapeutic  activity  similar  to  that  of  nitrogen  mustard 
( 170,  257).  TEM  has  the  advantage  over  methyl-bis-(jS-chloro- 
ethylamlne)  in  that  it  can  be  given  orally  and  produces  less 
111-effects.  Further  results  on  olinioal  trials  of  trlethyl- 
enemelamine may  be  obtained  from  the  reports  of  Wright  and 
Wright  (354,  355)  and  others  (17,  312). 

Another  new  tumor-inhibitory  substance  containing  a 3- 
membered  diazomethane  ring  is  azaserine  (NaCBCOOCH*CH(NHa)- 
COOH)  which  was  first  isolated  from  culture  broth  filtrates 
of  a Streptomvces  (12,  77#  330)  and  prepared  by  several  syn- 
thetic methods  (96,  97#  235#  249).  Also  known  as  0-diazo- 
acetyl-L-serine,  azaserine  is  characterized  as  a homogeneous 
yellow-green  crystalline  compound  with  a marked  inhibitory 
action  against  sarcoma  180  and  a number  of  gram-negative  and 
gram-positive  bacteria.  Preliminary  studies  have  shown  that 
azaserine  will  occasionally  produce  partial  temporary  remis- 
sions in  children  with  acute  leukemia  (83). 

Is Heterocvollos.  In  1938,  Lewisohn  (208)  reported  that 

beef  spleen  extract  caused  regressions  of  sarcoma  180  in  mice. 
Spontaneous  mammary  carcinomas  were  found  to  regress  with 


t 


15. 

mouse  spleen  extract*  Since  the  extraction  of  mouse  spleens 
was  impractical  on  a large  scale,  extracts  were  obtained 
from  a number  of  other  natural  sources  and  tested  for  anti- 
tumor activity.  Barley  and  brewer's  yeast  extracts  were 
found  to  cause  regressions  of  spontaneous  breast  cancers  in 
mice  (209).  Consequently,  attention  was  directed  to  the 
vitamin  B complex.  Inositol  was  the  only  B vitamin  in  yeast 
considered  to  be  active  against  mouse  tumors  (197).  Folic 
acid  was  reported  to  be  capable  of  causing  complete  regres- 
- sion  of  30  per  cent  of  spontaneous  breast  cancers  in  mice 
(204,  205).  Subsequent  chemical  work  identified  the  factor 
as  the  4-a.fftobaclUuq  oasel  factor,  pteroyltrlglutamic  acid 
or  teropterin  (210).  Although  the  above  laboratory  work 
could  not  be  confirmed  (147,  236,  333),  teropterin  and  di- 
opterin  (pteroyldiglutamic  acid)  were  studied  clinically  for 
effects  on  oancer. 

Farber  et  al.  (89)  tried  teropterin  and  dlopterin  in  90 
patients  all  of  whom  showed  no  objective  evidence  of  improve- 
ment. The  course  of  acute  leukemia  in  children  was  appar- 
ently accelerated  after  the  administration  of  teropterin  and 
dlopterin.  This  finding  constituted  the  basis  for  Farber' s 
trial  of  the  antifolic  antagonists  in  acute  leukemia,  and  in 
1948,  Farber  et  al.  (90)  reported  that  4-aminopteroylglutamic 
acid,  XIII,  induced  temporary  remissions  of  acute  leukemia  in 
children. 


CONHCH( COOH )CHgCH#COOH 


XIII 


Petering  (261)  has  pointed  out  that  "these  observations  led 
to  a thorough  investigation  of  many  analogues  of  folio  acid 
which  had  antimetabollte  activity  as  chemotherapeutic  agents 
for  human  and  animal  leukemias;  and  . . . resulted  in  impor- 
tant contributions  to  our  understanding  of  the  metabolism 
and  the  biological  activity  of  both  folic  acid  and  its  antag- 
onists." Farber's  clinical  results  with  the  4-amlno  folio 
acids  have  been  confirmed  many  times  with  varying  degrees 
of  success  by  numerous  investigators  (25,  43,  62,  63,  230, 
296,  298). 

The  reader  is  referred  to  a number  of  excellent  reviews 
on  the  chemistry  of  folic  acid  compounds  and  of  folic  acid 
antagonists  cited  by  Petering  (261).  The  folic  acid  molecule 
may  be  chemically  altered  in  the  following  wayB  to  give  ana- 
logs which  do  not  greatly  differ  from  the  parent  molecule: 

The  hydrogen  atoms  in  the  9 and  10  positions  may  be  replaced 
by  alkyl  groupings;  an  amino  or  substituted  amino  group  can 
replace  the  hydroxyl  group  in  the  4 position  of  the  pterldine 
r^nS#  and,  the  amino  acid  residue  may  be  removed  or  replaced 
with  other  amino  acid  groups.  The  most  Important  alteration 
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Is  the  substitution  of  an  amino  group  for  the  hydroxyl  radi- 
cal In  the  4 position  of  the  pterldlne  ring  which  results  in 
the  most  powerful  antagonist  of  folic  acid,  aminopterin,  XIII. 
Further  modification  of  the  folio  acid  molecule  beyond  4- 
amino  substitution  reduces  the  activity  and  toxicity. 

The  role  of  folic  acid  in  cellular  metabolism  and  the 
correlated  problem  of  the  mechanism  of  action  of  the  folic 
acid  analogs  has  been  the  subject  of  much  study  in  the  past 
few  years.  No  single  theory  has  been  able  to  account  for 
the  diverse  action  of  the  folic  acid  analogs.  Sauberllch 
(292)  and  others  have  demonstrated  that  folic  acid  is  con- 
verted in  vivo  to  the  biologically  active  cltrovorum  factor. 
This  has  helped  to  clarify  the  question  of  the  inability  of 
folic  acid  to  reverse  the  toxicity  of  the  antifolic  analogs. 
Nichol  and  Welch  (248)  have  suggested  that  aminopterin  blocks 
the  conversion  of  folic  aoid  to  folinic  acid,  and  in  addition 
competes  with  the  cltrovorum  factor  in  some  important  enzyme 
reactions.  It  is  generally  believed  that  the  mechanism  of 
action  of  the  folic  acid  antagonists  is  to  interfere  with  the 
synthesis  of  nucleic  acids.  Using  C1®,  Buchanan  and  his  as- 
sociates (38,  325)  demonstrated  that  formate,  glycine,  and 

carbon  dioxide  are  precursors  of  the  carbon  atoms  of  the  pur- 

; ♦ 

lne  skeleton  of  uric  acid.  The  same  compounds  act  as  precur- 
sors for  the  nucleic  acid  purines  (342).  To  indicate  the 
fundamental  mechanism  affected  by  the  antifolic  compounds, 
use  is  made  of  Gellhorn's  (106)  oversimplified  diagram,  XIV, 


of  the  synthesis  of  desoxypentose  nucleic  acids 
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Precursors  . 


glycine 

formate 

ammonia 

water 


n \ih 

H*N-C  — 


5(4) -amino-4 ( 5 ) - 
imidazole  carbox- 


Purine 

XIV 


The  enzymes  which  catalyze  the  synthesis  of  the  5-amino-4- 
imidazole  carboxamide  have  not  yet  been  identified.  The 
addition  of  the  single  carbon  unit  to  the  intermediate  amine 
to  form  the  purine  ring  is  believed  to  be  catalyzed  by  the 
citrovorum  factor  (10-formylpteroylglutamic  acid)  or  anhydro- 


leueovorin,  XV  (119). 


XV 
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The  folio  acid  antagonists  are  believed  to  block  this  step, 
thus  Interfering  with  a fundamental  process  in  nucleic  acid 
synthesis. 

The  folic  acid  antagonists  also  inhibit  mouse  leukemia 
(42,  201),  the  growth  of  sarcoma  180  in  mice  (234,  299)# 
transplanted  mammary  tumors  in  C#H  mice  (151)  and  sarcoma  39 
in  rats,  as  well  as  mouse  mammary  carcinoma  E0771  and  Harding - 
Passey  mouse  melanoma  (336). 

One  of  the  major  problems  attendant  to  the  use  of  folic 
acid  antagonists  in  clinical  leukemia  is  that  if  remissions 
are  obtained  in  patients,  the  disease  may  become  resistant 
to  further  therapy  after  a comparatively  short  time*  This 
situation  has  been  similarly  produced  in  transplanted  mouse 
leukemia,  and  Burchenal  et  al.  (46)  have  shown  the  resistance 
to  be  a characteristic  of  the  neoplastic  cell  rather  than  the 
host  cells.  It  is  important  therefore,  to  take  thlB  major 
limitation  into  consideration  before  clinical  use  is  made  of 
the  folic  acid  antagonists. 

The  stimulation  for  the  investigation  of  the  chemothera- 
peutic activity  of  purine  and  pyrimidine  antagonists  was  pro- 
vided by  the  possibility  that  the  control  of  neoplastic  dis- 
eases  might  be  achieved  with  compounds  acting  as  antimetabo- 
lites in  nucleic  acid  synthesis  (52).  The  inhibitory  effects 
of  2 , 6-dl ami nopur i ne , XVI  (41),  and  8-azaguanine,  XVII  (108, 
178,  200,  335)  in  rodent  tumors  lends  support  to  this  concept* 
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Furthermore,  the  inhibitory  action  of  these  compounds  on  the 
growth  of  certain  micro-organisms  has  been  prevented  by  aden- 
ine or  guanine  (80,  82,  154,  177,  280).  Only  occasional  re- 
missions of  leukemia  have  been  observed  in  a limited  group 
of  patients  treated  with  2,6-diaminopurlne  (43).  From  the 
evidence  in  the  literature  it  is  apparent  that  the  above  pur- 
ine and  pyrimidine  agents  do  not  yet  have  practical  chemo- 
therapeutic application  but  a study  of  these  antimetabolites 
of  nucleic  acid  synthesis  offers  a rational  approach  to  can- 
cer therapy. 

Another  purine  derivative  that  has  received  considerable 
interest  in  cancer  therapy  is  6-meroaptopurlne,  XVIII,  which 
was  developed  by  Hitchings  and  Ellon  (79,  8l,  154)  in  the 
search  for  more  effective  purine  antimetabolites. 


H 


SH 


XVIII 
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This  compound  has  been  shown  to  Inhibit  the  growth  of  a num- 
ber of  microorganisms  (82),  several  mouse  leukemias  and  a 
number  of  transplantable  tumors  in  mice  and  rats  (52,  334). 
Burchenal  at  al.  (45)  have  clinically  demonstrated  that  6- 
mercaptopurine  produces  remissions  in  acute  leukemia  in  chil- 
dren comparable  to  folic  acid  analogs  and  appears  to  be  of 
some  value  in  the  treatment  of  chronic  myelocytic  leukemia, 
Rhoads  (5)  considers  the  possibility  that  6-mercaptopurine 
represents  the  first  step  in  the  attainment  of  cancer  chemo- 
therapeutic agents  with  selective  action  in  man.  The  chemi- 
cal, biochemical,  and  clinical  aspects  of  6-mercaptopurine 
have  been  thoroughly  reviewed  in  a recent  symposium  (231), 

The  encouraging  results  obtained  with  6-mercaptopurine  will 
no  doubt  lead  to  the  investigation  of  a large  number  of  de- 
rivatives of  the  components  of  nucleic  acids  for  their  selec- 
tive action  towards  malignant  tissues. 

4.  Carbamates.  The  esters  of  earbamle  acid  (H.NCOOH) 
are  called  carbamates  or  urethane.  The  term  "urethan*1  has 
been  generally  applied  to  ethyl  carbamate  (HaNCOOCaRB)  itself 
(310).  iithyl  carbamate  formerly  was  used  to  some  extent  as  a 
sedative  and  hypnotic  for  children  and  as  an  anesthetic  for 
experimental  animals.  Some  of  its  derivatives  have  found  sim- 
ilar use,  such  as,  1-methylbutyl  carbamate  (Hedonal),  tertiary 
amyl  carbamate  (Aponal),  j3,/3,£- trichloroethyl  carbamate  (Vol- 
untal),  and  ^^.'-dichloroisopropyl  carbamate  (Aleudrln).  How- 
ever, most  of  the  urethans  have  been  abandoned  as  hypnotics 
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because  of  their  general  toxic  properties  (278).  The  follow- 
ing sections  will  be  devoted  mainly  to  a discussion  of  the 
ethyl  ester  of  carbamic  acid,  its  preparation,  reactions,  and 
biological  activity  in  cancer. 

a.  Preparation.  Kthyl  carbamate  was  first  synthe- 
sized in  1834  by  Dumas  (73)  from  the  action  of  ammonia  on 
ethylchloroformlc  ester. 

ClCOOCgHe  ♦ NHS  — H8NC00CgH8  ♦ HC1 

This  reaction  constitutes  one  of  the  most  general  methods  for 
the  synthesis  of  urethane.  The  chloroformic  esters  are  ob- 
tained by  the  action  of  phosgene  on  alcohols  and  may  be  con- 
verted to  carbamates  by  concentrated  ammonium  hydroxide  (23, 
49,  186,  222,  320,  339). 

COCla  ROH  — ► R0C0C1 

Various  solvents  such  as  benzene,  toluene,  and  ether  have 
been  used  in  this  reaction.  The  reaction  is  catalyzed  by 
tertiary  amines  such  as  dimethylanlline  (253,  331)  and  quin- 
oline (176).  Over-all  yields  of  carbamates  obtained  from 
primary  and  secondary  alcohols  have  ranged  from  55  per  cent 
to  94  per  cent  (49,  186).  Similar  yields  are  obtained  from 
primary  (134)  or  secondary  amines  (223)  in  the  synthesis  of 
N-substituted  carbamates.  More  recently,  phenethyl-,  3- 


23 


phenyl  propenyl-,  2-pyridyl-,  and  3-pyridyl-  amines  have 
been  react  ed  with  alkyl  chlorocarbamates  to  give  various 
aromatic  and  heterocyclic  nitrogen  substituted  oarbaroates 
(306).  Aromatic  sulfonamides  also  react  with  ethyl  chloro- 
carbonate  to  give  ethyl  (aromatic  sulfonyl)  carbamates  (273). 
Hantzsch  (132)  first  prepared  hydroxyurethan  (H0NHC00C*Ha) 
by  reacting  hydroxylamlne  hydrochloride  and  ethyl  ohlorofor- 
mic  ester  in  aqueous  solution  with  sodium  hydroxide  or  in 
alcoholic  sodium  ethoxlde  solution.  The  reaction  was  slight- 
ly modified  by  Jones  (168)  who  added  the  ohloroformic  ester 
to  the  amine  hydrochloride  in  potassium  carbonate  and  ether. 
Additional  ester  groups  on  urethans  are  furnished  by  the 
reaction  of  ohlorocarbonates  with  ohlorohydrins  (245,  268, 
269),  alkoxyl  (9),  double  bond  (331),  nitro  (331),  and  di- 
alky lamlnoalkylamine  (308)  groups. 

Urethans  may  also  be  prepared  by  the  action  of  carbamyl 
chlorides  on  alcohols. 

R'RWNC0C1  + HOR  — R‘RmNC00R 

Gatterman  (102)  first  employed  this  method  in  the  preparation 
of  ethyl  carbamate  from  ethyl  alcohol  and  carbamyl  chloride. 
In  general,  the  yields  of  N,K-dialkylurethans  have  been  found 
to  be  excellent  (274).  More  recently,  the  reaction  between 
diphenyl  carbamyl  chloride  ( (CaHa)*NC0Cl)  and  various  mono- 
or  dl-  substituted  chloro  and  nitro  phenols  in  the  presence 
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of  pyridine  has  been  employed  for  the  preparation  of  urethane 
as  possible  insecticides  (162).  Urethan  derivatives  of  3- 
pyridol  quaternlzed  to  pyrldinlum  salts  have  been  synthesized 
according  to  this  general  method  and  have  been  found  to  pos- 
sess parasympathomimetic  properties  (356). 

Carbamyl  chloride  was  first  prepared  by  wBhler  (353)  by 
the  passage  of  dry  hydrogen  chloride  gas  over  calcium  oyanate 
or  cyamelide  ( s-trioxanetriimine) . It  was  subsequently  pre- 
pared by  the  action  of  phosgene  on  ammonium  chloride  at  400° 
(102)  and  by  the  reaction  of  ammonia  and  phosgene  at  400° 

(288).  No  experimental  details  were  given  in  this  last  reac- 
tion and  Sloeombe  et  al.  (321)  found  that  considerable  amounts 
of  ammonium  ohloride  formed  when  they  repeated  the  reaction. 
This  by-product,  however,  was  almost  entirely  eliminated  when 
they  reacted  phosgene  and  ammonia  at  500°.  They  obtained  car- 
bamyl chloride  of  high  purity.  These  same  authors  also  re- 
acted primary  and  secondary  amines  containing  from  one  to 
twelve  carbon  atoms  in  the  vapor  phase  (275°)  with  an  excess 
of  phosgene  to  obtain  mono-  and  di-  substituted  carbamyl  ohlor- 
ldes  in  70  per  cent  to  90  per  cent  yields.  Reaction  of  iso- 
cyanates with  halogen  acids  also  yield  carbamyl  halides  (39, 

93,  142,  203)*  Further  literature  references  concerning  the 
preparation  of  carbamyl  chlorides  are  given  by  Ralford  and 
Alexander  (274)  and  Sloeombe  et  al.  (321). 

Primary,  secondary,  tertiary,  and  polyhydric  alcohols 
react  with  Isocyanates  to  give  carbamates  (124,  125,  182). 
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RNCO  ♦ HOR'  — *»  RNHCOOR* 

P’olln  (92)  obtained  a 60  per  oent  yield  of  ethyl  carbamate 
from  a mixture  of  potassium  isocyanate  in  50  per  cent  alco- 
hol and  a strong  alooholic  solution  containing  excess  hydro- 
chloric acid.  Phenols,  and  polyhydrlc  phenols  react  with 
isocyanates  in  the  presence  of  aluminum  chloride  to  yield 
urethan  derivatives  (206). 

The  necessary  isocyanates  are  prepared  by  Curtius  (322) 
and  Hofmann  (346)  rearrangements.  These  in  turn  can  be  con- 
verted directly  to  urethane  (72,  307,  319).  N-Bromoamldes 
in  a solution  of  sodium  methoxide  in  methyl  alcohol  can  re- 
arrange directly  to  urethane  (213,  233,  297).  Isocyanates 
may  also  be  obtained  from  reactions  of  amines  or  their  salts 
with  phosgene  (103,  141).  Slocombe  et  al.  (321)  have  shown 
recently  that  mono  isooyanates  containing  up  to  twelve  car- 
bon atoms  are  best  prepared  by  the  vapor-phase  reaction  of 
phosgene  and  a primary  amine 

RNHa  + COClg  — ► RNHCQC1  «■  HC1 
RNHC0C1  RNCO  + HC1 


Treatment  of  the  monosubstituted  carbamyl  chloride  with  a 
tertiary  amine  yielded  the  isocyanate.  Isocyanates  which 
boiled  above  120°  were  liberated  by  refluxing  the  correspond- 
ing monosubstituted  carbamyl  chloride  in  benzene  or  toluene. 
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Solvents  such  as  ethyl  acetate  (309),  toluene  (155,  277,  344), 
chlorobenzene  (111,  311)  or  chloronaphthalene  (311)  have  been 
used  to  advantage  when  higher  molecular  weight  amines  are  to 
be  used  with  phosgene  In  the  formation  of  isocyanates.  Bennet 
et_al«  (21)  have  reported  that  the  vaporization  of  symmetrical 
ureas,  followed  by  cooling  In  the  presence  of  hydrogen  chlor- 
ide, gave  a 57  per  cent  to  71  per  cent  yield  of  isocyanates 
and  near-quantitative  yields  of  the  amine  salt. 

RNHCONHR'  RNCO  + R'NH* 

Similar  treatment  of  amines  and  urea  or  cyanuric  aoid  with 
hydrogen  chloride,  and  N-phenylurea  with  hydrogen  chloride 
gave  lower  yields.  The  literature  review  of  the  chemistry 
of  organic  isocyanates  by  Saunders  and  Slocombe  (294)  is  rec- 
ommended for  further  information  on  isocyanates  in  general. 

The  action  of  alcohols  on  urea  represents  another  method 
for  the  synthesis  of  urethans  (4o,  47,  67,  156,  163,  351). 

HaNCONH*  NH8  + HNCO  -S°H»  H,»C00R 

Dissociation  of  urea  by  heat  probably  yields  small  amounts  of 
cyanic  acid  which  react  with  alcohol  to  give  the  urethan. 
Yields  of  urethans  have  ranged  from  43  per  cent  to  60  per  cent 
when  primary  alcohols  are  heated  with  urea  at  175-190°  (67, 
163).  Alcohols  below  n-butanol  require  pressure.  Guercl  (122) 
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prepared  ethyl  carbamate  in  an  80  per  cent  yield  by  the  reac- 
tion of  urea  nitrate  and  ethyl  alcohol  in  the  presence  of  so- 
dium nitrite  under  reduced  pressure.  This  reaction  could  pos- 
sibly be  shown  as  follows: 

H8NC0NH8  • HNQ8  + NaNOg  — (N8CQNH8)*N0a“  — 

N8  ♦ NaNOa  + HgNGOOR  + 2H80 

The  sulfur  analogs  of  urethans  are  known  as  thiolcarbam- 
ates,  RSCONR’R",  and  thlgaearbamates,  ROCSNR'R*1,  both  types 
are  regarded  as  making  up  the  class  of  compounds  called  thio- 
carbamates.  The  thiocarbamic  esters  have  been  obtained  by 
the  action  of  alcohols  on  thiocyanlc  acid  in  the  presence  of 
hydrogen  chloride  (16). 

2HSCN  f 2CaH#0H  C8H80CSNH8  + C8H8SC0NH8 

Thioncarbamates  have  been  readily  prepared  by  the  reaction  of 
thiooarbamyl  chloride  on  alcohols  (14), 

H8NCSC1  + C8H*OH  — ► H8NCS0C8H8  + HC1 


The  thiooarbamyl  chloride  was  prepared  as  a white  powder  by 
the  passage  of  dry  hydrogen  chloride  gas  into  a solution  of 
thiocyanlc  acid  in  anhydrous  ether.  Thloncarbamic  esters  re- 
arrange into  thiolcarbamlc  esters  when  heated  with  alkyl  hal- 


28 


ides  such  as  methyl  Iodide,  methyl  bromide,  and  methyl  chlor- 
ide (352).  Recently,  a number  of  aryl  thiocarbamates  have 
been  prepared  in  good  yield  by  the  aotion  of  concentrated 
sulfurio  acid  on  arylthiocyanates  followed  by  treatment  with 
ice  water  (279). 

ArSCN  ArSC( OH)NH  s?±  ArSC0NK8 

This  reaction  cannot  be  applied  to  the  preparation  of  ortho- 
substituted  phenyl  thiocyanates,  and  aryl  thiocyanates  which 
are  sensitive  to  concentrated  sulfuric  acid.  A number  of 
thioncarbanilates  (RC^NHCSOOR* ) with  anthelmintic  activity 
were  prepared  by  Mull  (239)  from  the  condensation  of  the  ap- 
propriately substituted  phenyl  isothiocyanate  and  sodium  alco- 
holate.  Some  thioncarbanilates  were  also  prepared  by  the  re- 
action of  ehlorothionoformate  with  an  appropriate  amine.  Di- 
thlourethans  (RR*NCS8R")  have  been  prepared  from  the  reaction 
of  ethyl  chlorothiocarbonate  and  secondary  amines  in  ethereal 
solution  with  subsequent  esterification  of  the  dithiocarbamic 
acid  with  an  alkyl  iodide  and,  by  the  reaction  of  two  moles 
of  an  amine  with  one  mole  of  carbon  disulfide  and  an  alkyl 
iodide  in  alcoholic  solution  (34). 

b.  Reactions.  Urethans,  like  amides,  readily  undergo 
acylation.  Kretzschmar  and  Salomon  (188)  obtained  acetylure- 
than  from  a sealed  tube  reaction  of  urethan  and  acetyl  chlor- 
ide. Subsequent  investigations  of  this  general  reaction  has 
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shown  that  sealed-tube  temperature  are  not  necessary  to  ob- 


tain good  yields  of  the  acylurethan  (13). 

RC0C1  + H8NC00R'  — »-  RCONHCOOR*  ♦ HG1 

Ben-Ishai  and  Xatohalski  (20)  recently  have  studied  the  dif- 
ferences between  the  reaction  of  acetyl  bromide  and  acetyl 
chloride  with  urethans.  In  the  case  of  reaction  with  acetyl 
bromide  they  found  that  N,N-disubstituted,  N-monosubstituted, 
and  unsubstituted  ethyl  and  benzyl  carbamates  gave  the  ethyl 
or  benzyl  bromide,  carbon  dioxide,  and  the  corresponding 
acetamides. 

R'RmNC00R  ♦ CHaC0Br  — CHaCONR1 R"  «•  RBr  + C0a 
'Kie  authors  explained  this  reaction  by  the  formation  of  an 

A 

intermediate  ammonium  or  oxonium  salt  in  any  of  the  following 
ways: 


R1 RmNC00R 

+ 

CHeCOBr 


s 


CR'RmN(  GOGH  a ) CQQSQ  +Br~-+» 
CRiR*,NC(  0C0GHa  JOR]^  Br”“+* 
CR'RmNCOO(  GOCHa  )R]  +Br”-*- 


R‘R“NC0CHa  ♦ RBr  + GOj 
RBr  +[R‘R"NC(0C0CH8)0> 
RBr  ♦ CR ' R“  NC  ( OCOCH  a ) 0>J 


With  acetyl  chloride  they  were  able  to  acetylate  N-methyl  and 
unsubstituted  ethyl  and  benzyl  carbamates.  This  reagent  did 
not  acetylate  N-phenyl  and  N,N-di substituted  carbamates.  To 
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explain  the  difference  between  the  behavior  of  acetyl  bromide 
and  acetyl  chloride  toward  disubstituted  urethane  they  point 
out  that  acetyl  chloride  reacts  only  sluggishly  with  ethers 
in  the  absence  of  a catalyst  while  acetyl  bromide  converts 
the  ethers  into  the  corresponding  esters  with  the  liberation 
of  the  alkyl  bromide.  They  therefore  believe  that  it  can  be 
reasonably  assumed  that  the  urethan  alkoxy  oxygen  resembles 
to  some  extent  the  ethereal  oxygen  in  its  nucleophilic  char- 
acter. Diels  and  heintzel  (70)  prepared  various  bromo  acyl- 
urethane,  such  as,  ethyl  bromoaeetylcarbamate,  ethyl <<-bromo- 
propionyloarbamate,  ethyl bromobutyryloarbamate,  and  ethyl 
<£-bromoisobutyrylcarbamate  by  condensation  of  the  correspond- 
ing acid  ester  with  the  sodium  salt  of  urethan  (NaNHC00C*H6) . 
Acylurethans  have  also  been  readily  prepared  by  the  reaction 
of  acetic  anhydride  and  a urethan  at  80°  in  the  presence  of 
traces  of  concentrated  sulfuric  acid  (104). 

Urethans  give  rise  to  allophanates  when  reacted  with  a 
variety  of  compounds,  such  as,  phosgene  (214),  thionyl  chlor- 
ide (87,  301,  347),  sulfuryl  chloride  (85)  and  phosphorus 
pentoxide  (27). 

2BSNC00R  — ► R00CNBC0NH*  ♦ ROH 

When  thionyl  chloride  is  heated  in  a benzene  solution  of  ure- 
than, the  reaction  products  are  ethyl  allophanate,  ethyl  chlor- 
ide, hydrochloric  acid  and  sulfur  dioxide  (301).  Lengfeld  and 


31 


Stleglitz  (203)  and  later  Folin  (92)  found  that  phenylurethan 
reacts  with  phosphorus  pentaehlorlde  at  50-55°  to  eliminate 
ethyl  chloride  and  leave  chloroformanilide  which  decomposes 
at  90-100°  into  hydrochloric  acid  and  phenylisocyanate. 


C8H8NHCQ0CaH8  ♦ PClg  — pools  ♦ CC*H#NHCCla0CsHs3—>- 
CsHgCl  ♦ C6H8NHC0C1  — *-  C*HsNG0  + HC1 

Haiford  and  Freyermuth  (275)  have  shown  that  thionyl  chloride 
reacts  with  ethyl  and  n-butyl  carbamate  to  give  the  correspond- 
ing allophanates  and  small  amountB  of  cyanuric  acid. 

fiaNC00CaH8  KNC(0H)0CaH.  — HG1  +CHN=C(0S0Cl)0GaH6D — 

S0a  + CHM=G(Cl)OCaHaJ  — >-  CaHaGl  + CHHGOU 
CHKCOD  ♦ KaNC00CaH,  — >-  HaNC0NHC00CaH8 

These  same  authors  found  that  the  reaction  of  thionyl  ohloride 
with  N-aryl  substituted  urethans  give  uretediones  (ArNHCON(Ar)- 
C00GaHe)  which  seemed  specific  for  the  phenyl  derivative.  N- 
P-oxyethyl  urethan  reaots  with  thionyl  ohloride  to  form  N-ft- 
chloroethyl  urethan,  but  with  two  moles  of  phosphorus  penta- 
chloride,  0-chloroethyl  isocyanate  is  formed  (350). 


H0CHaCHaNHC00CaH 


s< 


♦ S0C18  — ► G1CH a CHaHHC00CaH8  + S0a  ♦ HC1 

♦ 2PC18  — ClCKaCHaNC0  + 2P0C18  ♦ 2HC1 

♦CaK8Cl 
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An  excellent  literature  review  on  the  chemistry  of  allophan- 
ates  has  been  given  by  Blohm  and  Becker  (30). 

Urethane  also  resemble  amides  in  their  ability  to  con- 
dense with  certain  carbonyl  compounds.  Diethyl  ethylidene- 
dicarbamate  was  prepared  by  Nencki  (246)  by  the  interaction 
of  acetaldehyde  with  ethyl  carbamate  in  the  presence  of  hy- 
drochloric acid.  An  extension  of  this  work  was  made  by 
Blschoff  (28)  who  observed  that  two  moles  of  urethan  con- 
densed with  one  mole  of  acetal,  mono-  or  di-  ohloroaoetal, 
or  isovaleraldehyde  in  the  presence  of  hydrochloric  acid. 

- 

RCHO  + 2HaNC00CaHB  — *-  RCH( NHCQOCaHB ) 8 ♦ Ha0 

Bisohoff  (28)  further  noted  that  chloral  and  bromal  reacted 
with  only  one  mole  of  urethan. 

CI3CCHO  + HaNC00CaHa  Cl8CCHNC00CaHB  + Ha0 

Meister  (228)  condensed  ethyl  acetoacetate  with  urethan  in 
ether  and  ammonium  chloride. 

HBNCQ0GaHB  + CHa  COCH  a GOOC  aH  s — ► CaHB00CNHC( CHa )CHG00CBHB 

Simon  (313)  observed  that  diurethanepyruvio  acid  resulted 
from  the  condensation  of  pyruvic  acid  and  urethan. 

CHaCOCOOH  + 2HaNC00CaHe  — *■  CHaC( COOH) ( NHC00GaHB ) a + Ha0 
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In  a study  of  formaldehyde  derivatives  of  urethan  Conrad 
and  Hook  (53)  found  that  methylene  diurethan  oould  be  readily 
obtained  from  condensing  two  moles  of  urethan  and  one  mole  of 
formaldehyde.  Martell  and  Herbst  (222)  condensed  benzyl  car- 
bamate with  a variety  of  aldehydes,  such  as,  isovaleraldehyde, 
benzaldehyde,  anisaldehyde,  piperonal,  furfural,  and  a number 
of  <<-keto  acids.  In  addition,  they  suggested  that  the  mecha- 
nism of  the  condensation  reaction  involves  the  addition  of 
the  amide  to  the  carbonyl  group,  followed  either  by  replace- 
ment of  a hydroxyl  group  by  another  amide  residue,  or  by  elim- 
ination of  water  with  the  formation  of  unsaturated  intermedi- 
ates to  which  a second  mole  of  amide  may  add. 


R a C«H»- 
R1  = R minus  H 

An  extension  of  this  work  was  made  by  Lewis  ot  al.  (207)  who 
condensed  benzyl  carbamate  with  a number  of  aromatic  aldehydes 
not  previously  investigated.  Further  studies  of  the  condensa- 
tion of  aliphatic  carbamates  with  aliphatic  carbonyl  compounds 
were  made  by  Kraft  and  Herbst  (186).  They  also  noted  that  the 


R CHNHC00CH#C«Hb  SQBBBte  RCHNC00CH*CBHf 


34. 

condensation  of  the  unsaturated  aldehyde,  c<-ethyl-/3-propyl- 
aeroleln,  involved  the  addition  of  two  molecules  of  carbam- 
ate to  the  carbonyl  group  and  one  to  the  double  bond. 


CaH7CH=C(C*H,)CH0' 

♦ 

3HaNC00R 


C3H7CH(NHC00R)CH(C,He)(NHC00R)8  + H„Q 


Kraft  (185)  recently  made  a study  to  determine  whether  the 
above  type  of  reaction  was  a general  one  for  <<,/3-unsaturated 
aldehydes.  He  found  that  erotonaldehyde  and  clnnamaldehyde 
condensed  with  isopropyl  and  benzyl  carbamate  in  a ratio  of 
one  mole  of  aldehyde  to  two  moles  of  carbamate.  In  the  case 
of  <<.-ethyl  clnnamaldehyde,  one  mole  of  this  aldehyde  reacted 
with  one  mole  of  carbamate  and  was  attended  by  ring  olosure 
to  form  a substituted  indanone  derivative. 


Kraft  stated  that  acetylchloride,  thionyl  chloride,  and  phos- 
phorus oxychloride  are  more  active  condensing  agents  than 
mineral  acid  for  the  reactions  described  above. 
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Urethans  may  toe  halogenated  in  a numtoer  of  ways  to  give 
a variety  of  compounds.  N -Mono oh lor our e than  is  obtained  by 
the  passage  of  chlorine  gas  (66,  343)  or  action  of  hypochlor- 
ous  acid  (343)  in  an  aqueous  solution  of  urethan.  The  pas- 
sage of  chlorine  gas  in  alcoholic  solutions  of  urethans,  how- 
ever, oxidizes  the  alcohol  to  the  corresponding  aldehyde  which 
immediately  condenses  with  the  urethans  to  yield  diurethans 
(65) • N— Chlorinated  cartoamio  esters  have  also  been  prepared 
by  the  action  of  sodium  hypochlorite  upon  urethans  in  sulfuric 
acid  or  acetic  acid  solutions  (31,  293).  Quantitative  yields 
of  N-monoehlorocarbamates  have  been  reported  (50)  by  treating 
urethan  with  an  equivalent  amount  of  N,N-dichlorooarbamates. 
Diels  and  Ochs  (71)  obtained  tribromoethylidenediurethan  (Bra- 
CCH(NHG00C*H*)*)  by  heating  urethan  with  bromine  and  iron.  A 
recent  report  (88)  states  that  urethan  dihalides  can  also  be 
prepared  by  treating  the  urethans  with  an  alkali -metal  hypo- 
halite  at  a low  temperature  in  excess  acid  solution.  The  ao- 
tion  of  chloroform  on  urethan  and  potassium  hydroxide  in  an 
attempt  by  Salomon  (290)  to  prepare  isocyanocarbonic  ether 
( CNC00CgH8)  resulted  in  severe  physical  impairment  of  his 
health  and  he  warned  against  further  investigation  of  this 
reaction. 

Alkalies  and  aqueous  acids  hydrolyze  simple  urethans  to 
alcohol,  ammonia,  and  carbon  dioxide  (310)  while  alcoholic 
potassium  hydroxide  decomposes  urethan  to  potassium  cyanate 
and  ethyl  alcohol  (7,  8,  238). 
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The  action  of  nitric  acid  on  urethan  In  concentrated 
sulfuric  acid  yields  N-nitrourethan  (190).  Aliphatic  and 
alicyclic  carbamates  may  be  nitrated  in  excellent  yields 
with  fuming  nitric  acid  and  acetic  anhydride  (61).  Nitration 
of  aromatic  carbamates  usually  takes  place  in  the  ring.  In 
some  cases,  heterocyclic  carbamates  oan  be  ring  nitrated  with 
hot  fuming  nitric  acid  and  sulfuric  acid.  Nitrous  acid  reacts 
with  N-alkyl  urethane  containing  a secondary  amino  group  to 
give  N-nitroso  compounds  (35»  51)*  Nitrosomethylurethan  has 
been  prepared  by  this  general  method  and  was  of  some  impor- 
tance since  hydrolysis  with  methyl  alcoholic  potassium  hydrox- 
ide yielded  diazomethane  (260).  Nitrosourethan  (ONNHCOOC*He) 
has  been  prepared  by  reducing  the  ammonium  derivative  of  nl- 
trourethan  with  zinc  dust  and  acetic  acid  (340). 

The  reduction  of  urethane  with  lithium  aluminum  hydride 
has  been  reported  (64)  to  be  an  excellent* method  for  the  syn- 
thesis of  methylamlnes  in  good  yields.  On  the  other  hand. 
Metayer  (229)  has  shown  that  the  action  of  Raney  nickel  and 
heat  (distillation)  converts  unsubstituted  carbamates  to  allo- 
phanates,  N-monosubstituted  carbamates  to  isocyanates,  while 
N,N—dl substituted  carbamates  do  not  decompose. 

The  acid  properties  of  urethane  are  shown  by  their  abil- 
ity to  form  salts.  Kraft  (184)  found  that  urethan  treated 
with  finely  divided  sodium  in  ether  resulted  in  the  amorphous, 
hydroscopic  sodium  urethan  (NaNHC00C8Hs)  which  reacted  with 
methyl  iodide  in  a sealed  tube  at  110°  to  give  methylurethan. 
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He  also  found  that  at  ordinary  temperatures,  ethyl  chlorocar- 
bonate  will  react  with  sodium  urethan  to  give  ethyl  imidodi- 
carboxylate  (HN(C00C8H8)8) , which  is  also  known  as  azamalonlc 
ester.  This  last  reaction  has  been  Investigated  by  Tompkins 
and  Degerlng  (34l)  who  prepared  azamalonlc  esters  of  the  type 
R N(C00R)8.  On  the  other  hand,  Diels  (69)  and  later  Allen  (3) 
obtained  ethyl  N-trlcarboxylate  (N( COOC8H8)a)  from  urethan  In 
the  presence  of  sodium  and  ethyl  chlorocarbonate  In  dry  ether. 
The  silver  and  mercuric  salts  of  urethan  have  also  been  pre- 
pared. Urethan  and  mercuric  chloride  (211)  or  mercuric  ace- 
tate (270)  give  the  mercury  salt  of  urethan  while  silver  ni- 
trate and  a solution  of  urethan  In  the  presence  of  sodium  hy- 
droxide gives  the  silver  salt  of  urethan  (212).  The  ability 
of  urethan  to  form  a mercuric  salt  from  mercuric  nitrate, 
chloride,  or  acetate  has  been  used  in  the  separation  of  ure- 
than from  urea  and  the  volumetric  estimation  of  urethan  in 
solution  (164).  Potassium  cyanate  and  ethyl  alcohol  were  the 
products  obtained  by  Blair  (29)  who  attempted  to  prepare  the 
potassium  salt  of  urethan  from  potassium  amide,  urethan,  and 
liquid  ammonia  solution.  The  crystalline  intermediate  which 
Blair  observed  but  did  not  isolate  was  presumably  the  potas- 
sium salt  of  urethan. 

In  1885,  Nemirowsky  (245)  prepared  N-phenyl  j3-ehloro- 
ethyl  carbamate  from  £-chloroethyl  carbamate  and  aniline.  He 
observed  that  this  carbamate  oyclized  in  alkaline  solution  to 
3-phenyl-2-oxazolidone  ( 6ii8CH8QC0toc8H8) . A number  of  new  3- 
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substituted-2-oxazolidon©8  of  /3-chloroethyl  carbamates  have 
been  reported  by  McKay  and  Braun  (226)  in  a recent  paper 
which  discusses  the  relationship  of  the  cyclizatlons  of  £>- 
ehloroethyl  substituted  carbamates,  ureas  and  nitro  guani- 
dines. 

Urethans  have  also  been  converted  to  carbamides  by  the 
action  of  various  amines.  With  metabromoaniline,  ortho,  meta, 
and  para  ohloroaniline,  meta  and  para  nltraniline,  para  tolu- 
idine,  nitrotoluldine,  1,3,4-xylidine,  and  n— heptylamlne,  ure- 
than  gives  the  corresponding  symmetrical  ureas  (220).  With 
primary  amines,  phenylurethan  gives  the  corresponding  N,N-di- 
substltuted  ureas,  CsHeNHCONHR  (219).  Upon  heating  urethan 
with  two  moles  of  paraohlorophenylhydrazine,  Hewitt  (149)  ob- 
tained colorless  crystals  of  diparachlorophenyloarbamide,  Cl- 
C4H4NHC0NHC«H4C1.  Atkinson  and  Polya  (10)  recently  obtained 
5-hydroxy-3-methyl-l-pheny 1-1, 2, 4- triazole  in  a 30  per  cent 
yield  from  acetylurethan  and  phenylhydrazine  hydrochloride 
heated  at  150—160  for  12  hours.  This  is  commonly  known  as 
the  Klhorn-Brunner  Reaction. 

Gaylord  and  Sroog  (103)  have  studied  the  effect  of  low- 
and  high-boiling  alcohols  on  unsubstituted,  N-monosubstltuted, 
and  N,N-di substituted  carbamates.  They  observed  that  with  low 
alcohols  and  sulfuric  acid  or  p-toluenesulfonic  acid 
catalysis,  ethyl  carbamate  undergoes  an  ester  exchange. 

H8NC00CaHe  + ROH  —*■  HgNCOOR  ♦ C»He0H 
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No  reaction  of  low-bolllng  alcohols  takes  place  with  N-mono- 
substltuted  or  N,N-disubstituted  carbamates  under  the  con- 
ditions employed  for  ethyl  carbamate.  In  the  absence  of  acid 

« 

catalysis  the  high-boiling  alcohols  undergo  an  ester  exchange 
reaction  with  unsubstituted  and  N-monosubstituted  carbamates. 
No  reaction  takes  place  with  N,N-di substituted  carbamates. 

The  inclusion  of  acid  catalysis  with  high-boiling  alcohols 
resulted  in  decomposition  with  the  formation  of  tars,  and  in 
the  case  of  ethyl  carbamate,  considerable  amounts  of  cyanurlc 
acid  were  formed  along  with  the  desired  carbamate.  Again  no 
reaction  takes  place  with  N,N-dl substituted  carbamates. 

c.  Carcinogenic  activity.  Urethan  was  first  shown  to 
act  as  a carcinogen  in  1943  when  Nettleship  et  al.  (247)  ob- 
served that  sub-anesthetizing  doses  of  this  compound  signif- 
icantly increased  the  lung-tumor  incidence  in  C3H  mice,  and 
shortened  the  time  of  occurrence  by  several  months  in  strain 
A mice  which  normally  have  a high  incidence  of  lung  tumors. 

In  confirmation,  Jaffe  (165)  found  that  all  animals,  in  a 
strain  not  showing  spontaneous  lung  tumors,  had  developed 
such  tumors  after  157  days  from  the  first  fifteen  injections 
of  a 10  per  cent  urethan  solution,  or  after  119  days  on  a 
diet  containing  0.2  per  cent  urethan.  Kenshaw  and  Meyer 
(139)  obtained  evidence  to  show  that  a single  anesthetic  doBe 
was  sufficient  to  induce  lung  tumors  in  mice.  In  subsequent 
work  (140)  they  observed  that  urethan  exerted  its  carcinogenic 
effect  on  the  lungs  only,  and  that  this  effect  could  be  ob- 
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tained  as  readily  by  subcutaneous , or  oral  administration  as 
by  intraperl t on eal  Injection  of  urethan.  These  observations 
were  confirmed  by  Larsen  et  al.  (195)  during  the  course  of 
their  work  with  narcotizing  compounds.  They  found  that  cel- 
lular anesthesia  was  not  associated  in  any  way  with  the  in- 
cidence  caused  by  urethan.  Further  confirmation  of  the  find- 
ings of  Nettleship  and  his  associates  (247)  were  made  by  Orr 
(256)  who  found  that  urethan  would  induce  lung  adenomas  in 
stock  mice.  Cowen  (59)  noted  a difference  in  response  of 
various  stocks  of  mice  to  the  carcinogenic  action  of  urethan. 
RIII  mice  developed  more  lung  tumors  than  CBA  mica  and  each 
developed  more  tumors  than  C57  black  mice.  Cowen  (60)  then 
made  a detailed  study  of  strain  differences  in  response  to 
urethan.  He  found  that  strains  A and  C57  black  gave  differ- 
ent yields  of  urethan-indueed  lung  tumors.  The  yields  cor- 
related positively  with  spontaneous  incidence,  and  he  sug- 
gested that  this  difference  was  due  to  a dominant  gene  com- 
plex. Rat  liver  tumors  and  lung  tumors  have  also  been  re- 
ported with  the  use  of  urethan  (127,  166). 

Larsen  (192)  investigated  esters  of  carbamio  acid  for 
their  pulmonary  carcinogenio  activity.  Lthyl  carbamate  was 
unique  in  ItB  potency.  The  relative  number  of  tumors  in- 
duced in  A strain  mice  by  the  ethyl,  isopropyl,  and  n-propyl 
esters  of  carbamio  acid  was  of  the  order  84:4:1.  The  methyl, 
monochloroethyl,  n-butyl,  and  lsoamyl  carbamates  were  inac- 
tive. The  study  was  extended  to  a series  of  N-alkylated 


4l. 

derivatives  of  urethan  (193).  Alkyl  substitution  at  the  ni- 
trogen atom  decreased  the  carcinogenic  activity  of  urethan. 
The  decrease  in  activity  of  the  N-alkyl  carbamates,  however, 
was  less  pronounced  than  in  the  case  of  the  esters  of  car- 
bamic  acid.  The  activity  of  the  ethyl  N-methylcarbamate  was 
only  10  per  cent  of  that  of  ethyl  carbamate.  With  the  ex- 
ception of  the  N-isopropyl  compound,  which  had  an  activity 
of  33  per  cent  of  that  of  urethan,  the  activity  of  the  singly 
alkylated  urethane  tended  to  decrease  as  the  length  of  the 
alkyl  group  increased.  The  mono-alkyl  derivatives  elicited 
a larger  average  number  of  tumors  than  the  corresponding 
doubly  substituted  urethans.  In  this  regard  it  is  interest- 
ing to  note  that  the  N-diisopropyl  ethyl  carbamate  did  not 
e^-tclt  as  many  tumors  as  the  mono-isopropyl  compound.  This 
indicates  that  the  order  of  activity  doesn't  depend  on  the 
presence  of  the  isopropyl  groups.  Larsen  states  that  the 
specific  activity  of  urethan  suggests  that  the  intact  mole- 
cule, rather  than  a metabolite  precipitates  the  oncogenic 
activity.  The  dlurethans  were  the  most  active  of  the  alkyl 
urethans  tested.  These  were,  methylene  diurethan  and  ethyl - 
ldene  diurethan.  The  fact  that  ethylidene  diurethan,  which 
exhibited  the  highest  tumor-eliciting  activity,  dissociated 
la..YjUyo  to  acetaldehyde,  supports  the  hypothesis,  at  least 
in  part,  that  the  oncogenic  action  of  alkylated  urethans 
occurs  as  a result  of  preliminary  dealkylation  of  the  mole- 
cule to  ethyl  carbamate. 
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In  studios  of  the  morphologic  changes  preceding  and  ac- 
companying the  development  of  pulmonary  tumors  induced  by 
oral  administration  of  urethan  in  mice,  Mostofi  and  Larsen 
(237)  concluded  that  pulmonary  adenomas  originate  in  the 
cells  of  alveolar  lining  and  are  not  proceeded  by  collapse 
of  the  lung,  by  changes  in  bronchial  epithelium,  or  by  in- 
flammation. 

Larsen  (194)  suggests  that  the  metabolism  of  urethan  in 
the  body  could  proceed  by  spontaneous  or  enzymatic  hydrolysis 
resulting  in  the  formation  of  carbon  dioxide,  ammonia,  and 
ethanol.  However,  administration  of  ethanol,  sodium  blcarbon 
ate,  ammonium  carbonate  and  ammonium  chloride,  in  molar  con- 
centrations comparable  to  the  optimal  oncogenic  doses  of  ure- 
than, failed  to  increase  the  incidence  or  multiplicity  of 
lung  tumors  in  strain  A mice.  He  also  suggests  that  degrada- 
tion of  urethan  may  result  in  the  formation  of  cyanic  acid. 
Intraperitoneal  injection  of  potassium  cyanate,  however, 
exhibited  no  carcinogenic  effect. 

In  extending  his  studies,  Larsen  et  al.  (196)  observed 
that  urethan  administered  to  pregnant  mice  Introduces  a car- 
cinogenic process  in  the  fetal  lungs  of  strain  A mice.  Smith 
and  Rous  (323)  reported  having  observed  lung  adenomas  in  new- 
born rats  from  a mother  injected  with  urethan  several  days 
before  parturition.  The  tumors  were  seen  as  early  as  10  days 
after  the  administration  of  the  carcinogen.  In  a subsequent 
investigation.  Smith  and  Rous  (324)  noted  that  subcutaneous 
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Injections  of  urethan  into  pregnant  C strain  mice  hasten  the 
occurrence  and  increase  the  number  of  adenomas  in  their  off- 
spring. Klein  (180)  observed  that  mice  exposed  in  utero  for 
one  and  five  hours  to  urethan,  developed  a tumor  incidence  of 
100  and  97.1  per  cent  respectively  at  six  months  age.  This 
observation  was  confirmed  and  extended  by  Klein  (l8l)  who  re- 
duced the  time  between  injection  and  cesarean  delivery  to  5 
minutes.  Once  again  numerous  lung  tumors  were  observed  at 
six  months  in  fetuses.  More  lung  tumors  developed,  however, 
when  the  time  between  injection  and  cesarean  delivery  was  ex- 
tended to  5 hours.  These  experiments  demonstrate  the  rapid- 
ity with  which  urethan  passes  from  the  mother  to  the  fetus 
and  suggests  that  the  Intact  moleoule  rather  than  a metabo- 
lite has  orossed  the  placenta.  Urethan  is  unique  in  that  it 
is  the  only  known  caroinogen  which  has  passed  from  the  mother 
to  the  fetus.  Rogers  (28l)  demonstrated  that  young  rapidly 
growing  mice  are  greatly  more  responsive  to  the  adenoma  induc- 
ing influence  of  urethan  than  those  Just  arriving  at  maturity. 
He  concluded  that  the  natural  proliferative  activity  of  the 
alveolar  cells  during  youth  plays  a major  part  in  the  forma- 
tion of  tumors.  Furthermore,  he  states  that  urethan  acts  only 
as  an  Initiator  of  neoplastic  growth,  it  does  not  have  the 
effect  of  promoting  multiplication  of  the  cells  it  has  ren- 
dered neoplastic. 

Shapiro  and  Klrsohbaum  (305)  determined  that  the  carcino- 
genic action  of  urethan  on  the  lung  are  intrinsic  properties 
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of  the  target  pulmonary  tissue  and  that  the  host  does  not  de- 
termine this  reaction.  In  a similar  experiment,  Heston  and 
Dunn  (148)  had  earlier  demonstrated  that  the  genic  action 
controlling  tumor  development  in  mice  was,  for  the  most  part, 
localized  in  the  lung  tissue  and  is  not  manifested  through 
some  general  systemic  meohanism.  Malmgren  and  Saxen  (218) 
found  that  the  carcinogenic  effect  of  urethan  is  largely  con- 
fined to  the  first  24  hours  after  injection,  since  lung  tis- 
sue taken  from  urethan  treated  animals  24  hours  after  treat- 
ment and  transplanted  to  untreated  animals  developed  tumors 
in  22  per  cent  of  the  cases. 

The  carcinogenic  action  of  urethan  on  the  lungs  of  ro- 
dents has  also  been  reported  by  Noble  and  Millar  (251)  and 
others  (283,  304).  The  ability  of  urethan  to  elloit  neoplas- 
tic changes  only  in  pulmonary  tissue  led  Bryan  et  al.  (36) 
to  examine  whether  the  action  of  urethan  is  as  direct  as  in 
the  case  of  other  chemical  carcinogens,  or  whether  it  is  in- 
direct and  effective  only  in  conjunction  with  some  other  car- 
cinogenic potentialities,  such  as  that  responsible  for  spon- 
taneous pulmonary  tumorB.  Although  these  factors  are  not 
known,  they  found  that  urethan  had  no  effect  on  the  latent 
period  of  tumors  induced  with  subcutaneous  injections  of  the 
Rous  chicken  sarcoma  agent. 

Thus  urethan  seems  to  be  highly  specific  for  the  induc- 
tion of  lung  tumors.  However,  Hidalgo  and  Whitehead  (150) 
claim  that  2,2' -dlchlorolsopropyl-N-ethyl  (and  the  correspond- 
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ing  N,N-dl ethyl)  carbamate  are  more  carcinogenic  than  urethan. 
The  action  was  largely  confined  to  the  lungs,  but  since  these 
compounds  incorporate  in  the  same  molecule  features  of  urethan 
and  the  nitrogen  mustards,  it  may  be  that  some  of  their  activ- 
ity is  due  to  this  circumstance. 

On  the  basis  of  experiments  by  Graffi  et  al.  (117)  and 
Salaman  and  Roe  (289)  it  may  be  concluded  that  urethan  may 
initiate  but  not  promote  the  development  of  visible  skin  tu- 
mors. 

The  induction  of  tumors  by  urethan  derivatives  other  than 
those  mentioned  above  is  not  known,  but  as  with  all  known  car- 
cinogens and  analogous  compounds,  we  must  be  suspicious  of 
their  long  term  effects.  While  the  study  of  the  long  term  ef- 
fects of  chemicals  are  limited  to  a great  measure  by  life  ex- 
pectancy, further  study  is  needed  along  this  line.  In  this 
regard,  it  is  interesting  to  note  that  a number  of  derivatives 
of  urethan  have  been  used  as  flavor  developing  substances  in 
various  food  and  beverage  products  (187). 

d.  Cancer  therapeutic  activity.  Lefevre's  (202)  observa- 
tion that  phenylurethan  produced  mitotic  effects  in  seedlings 
similar  to  those  described  for  colchicine  was  extended  by 
Tempi eman  and  Sexton  (338)  who  noted  growth  inhibitory  effects 
upon  cereals  and  other  plant  species  by  a number  of  arylcar- 
bamic  esters  and  related  compounds.  These  studies  prompted 
Haddow  and  Sexton  (130)  to  investigate  the  action  of  a series 
of  phenylurethans  upon  animal  tumors.  Fortunately  they  in- 
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eluded  urethan  among  the  carbamates  tested  against  Walker  rat 
carcinoma  256  and  a mouse  mammary  tumor.  They  found  that  ure- 
than and  phenylurethan  were  equally  effective  in  inhibiting 
the  growth  of  the  mammary  tumor.  The  inhibitory  activity  of 
urethan,  however,  was  greater  than  that  of  phenylurethan  or 
isopropyl  phenylearbamate  when  tested  against  Walker  rat  car- 
cinoma 256.  This  became  the  first  known  instance  in  which 
urethan  was  used  as  a chemotherapeutic  agent  In  cancer.  The 
results  of  this  experiment  encouraged  clinical  trial  of  ure- 
than in  Inoperable  cancer  and  led  Paterson  et  al.  (258)  to 
observe  the  temporary  effectiveness  of  urethan  in  the  treat- 
ment of  human  leukemia.  The  most  favorable  cases  were  repre- 
sented by  a fall  in  total  leucocyte  count  to  normal  limits, 
a tendency  for  the  differential  count  to  approach  a more  nor- 
mal pattern,  dlmunition  in  the  size  of  the  spleen  and  enlarged 
lymph  nodes,  and  a riBe  in  hemoglobin  level.  Since  the  above 
publications  were  made,  numerous  aocounts  have  been  made  con- 
cerning the  effectiveness  of  urethan  in  animal  and  human  leu- 
kemias (18,  19,  24,  44,  84,  116,  152,  173,  179,  199,  221,  240, 
302,  345,  348,  349),  multiple  myeloma  (4,  24,  133,  286,  287), 
carcinoma  of  the  prostate  (161,  191),  carcinoma  of  the  lung 
(4),  carcinoma  of  the  stomach,  rectum,  lymphoepithelioma,  and 
melanosarooma  (152)  and  mycosis  fungoides  (175). 

intensive  studies  have  been  carried  out  on  the  specificity 
of  urethan  among  numerous  carbamates.  In  studies  of  the  rela- 
tionship between  the  chemical  structure,  toxicity,  anti-leu- 


kemlc  and  leukopenic  action.  Skipper  and  his  collaborators 
(316,  317)  made  the  following  observations  based  on  the  sub- 
stitution model  shown  belowi 

R\  fi 

N-C-O-Rx 

r/ 

with  an  increase  in  the  length  of  the  carbon  chain  of  the 
ester  group,  Rx,  urethan  increased  in  toxicity,  its  leukopenic 
action  is  lessened  or  completely  negated,  and  its  anti-leu- 
kemlc  action  is  destroyed;  monoalkyl  and  aryl  substitutions 
at  the  nitrogen,  R#  or  Rg,  also  resulted  in  an  Increase  in 
toxicity,  a loss  of  anti-leukemic  action,  but  not  necessarily 
a loss  or  decrease  of  leukopenic  action;  a number  of  N-substl- 
tuted  carbamates  were  found  to  be  very  effective  leukopenic 
agents;  the  N,N-dl substituted  ethyl  carbamates  followed  the 
pattern  set  by  the  N-monosubstituted  compounds  with  regard  to 
effects  in  toxicity,  anti-leukemic  and  leukopenic  action;  and, 
substitution  of  sulfur  for  the  carbonyl  or  ethoxy  oxygen  de- 
stroyed or  lessened  the  antl-leukemlc  action  of  urethan.  The 
more  carbamates  are  studied,  the  more  unique  urethan  appears 
against  leukemia. 

The  mechanism  by  which  urethan  and  other  carbamates  in- 
hibit tumor  growth  remains  unknown  at  the  present  time.  Had- 
dow  (128)  refers  to  Warburg's  experiment  in  1910,  in  which 
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inhibition  of  mitosis  was  observed  in  the  fertilized  ovum  of 
the  sea-urchin  exposed  to  phenylurethan.  Warburg  later  ad- 
vanced the  theory  that  narcosis  might  be  due  to  the  adsorp- 
tion of  the  narcotic  on  the  oatalytlc  oxidation  surfaces. 
Guyer  and  Clause  (126)  also  noted  inhibition  of  mitosis  in 
the  cornea  of  the  rat  by  urethan.  Huggins  et  al.  (161)  ob- 
served that  the  inhibitory  effects  of  urethan  in  some  cases 
of  prostatic  cancer  was  not  due  to  anti-androgenic  action  and 
that  urethan  does  not  Inhibit  glycolyBis.  Green  and  Lush- 
baugh  (118)  have  shown  that  inhibition  of  Walker  rat  carcin- 
oma 256  by  urethan  beyond  that  due  to  altered  metabolism  was 
the  result  of  production  of  non-proliferating  daughter  cells 
by  mitotic  abnormalities.  Lushbaugh  et  al.  (217)  had  shown 
earlier  that  the  fibroblastic  and  endothelial  proliferation 
occurring  in  wound  healing  is  inhibited  by  ethyl  carbamate 
in  doses  that  cause  severe  systemic  Intoxication.  Well  tol- 
erated doses  did  not  depress  cellular  activity.  Fisher  and 
Gtern  (91)  studied  the  inhibition  of  respiration  in  yeast 
cells  by  urethan  and  presented  data  to  show  that  more  than 
one  respiratory  system  was  involved.  In  reference  to  the 
possible  inhibition  of  dehydrogenases  by  urethan,  Haddow 
(128)  points  out  that  concentrations  required  to  induce  nar- 
cosis and  suppression  of  growth  are  often  far  smaller  than 
those  required  to  Inhibit  enzyme  reactions.  It  was  suggested 
to  Haddow  and  Sexton  (130),  after  they  had  obtained  their 
first  results  on  the  effects  of  urethane  on  animal  tumors. 
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that  urethan  might  compete  with  some  natural  amine  involved 
in  the  biosynthesis  of  nucleotides.  This  concept  is  based 
on  the  well  established  evidence  that  the  synthesis  of  nucleo- 
proteins  is  accomplished  from  smaller  molecules  rather  than 
by  the  utilization  of  purines  and  pyrimidines. 

Numerous  attempts  have  been  made  to  elucidate  the  mechan- 
ism of  action  of  urethan.  A number  of  studies  have  involved 
radio— chemical  techniques.  Skipper  and  his  associates  have 
suggested  that  urethan  is  degraded  by  enzymatically  catalyzed 
hydrolysis  under  physiological  conditions  to  ethanol,  carbon 
dioxide,  and  ammonia.  The  distribution  of  radioactivity  in 
excreta  and  tissues  of  mice  following  administration  of  car- 
bonyl labeled  urethan  led  Bryan,  Skipper  and  White  (37)  to  a 
number  of  interesting  observations.  In  the  course  of  24  hours 
more  than  90  per  cent  of  the  labeled  urethan  was  converted 
into  respiratory  carbon  dioxide  in  normal  mice,  and  only  mi- 
nute amounts  of  active  carbon  from  carbonyl-labeled  urethan 
could  be  detected  in  all  tissues.  Mice  with  advanced  spon- 
taneous lymphoid  leukemia  and  others  with  mammary  carcinoma 
were  found  to  retain  much  more  radioactive  carbon  in  all  tls- 
sues  than  was  found  in  normal  mice  24  hours  after  injection. 
Since  the  radioactivity  remaining  in  these  mioe  was  found  in 
the  tumor,  and  other  tissues  as  well,  it  appeared  to  the  au- 
thors that  this  retention  was  due  to  a systemic  effect  of  the 
tumor  on  the  host.  However,  there  was  no  selective  retention 
by  malignant  cells. 


50. 

The  distribution  of  H15  urethan  in  rats  has  been  studied 
by  Bailey  and  Christian  (11).  Their  results  substantiate  the 
work  of  Bryan  et  aj,.  (37)*  described  above,  in  that  there  was 
no  xndi cation  of  definite  localisation  of  urethan  in  any  par- 
ticular organ  or  tissue  of  the  body.  The  amide  portion  of 
urethan  localized  in  all  parts  of  the  body  with  the  bone  mar- 
row  ailc^  plasma  proteins  having  the  greatest  concentration  of 
N1#  other  than  that  found  in  plasma  nonprotein  nitrogen.  No- 
table was  the  very  low  concentration  in  the  lung. 

In  continuing  the  work  of  Bryan,  Skipper  and  White  (37), 
Mitchell  et  aj.  (232)  noted  that  chemical  analysis  of  blood 
from  normal  mice  shows  that  urethan  is  practically  all  elimi- 
nated from  the  blood  24  hours  after  Injection  but  mice  with 
advanced  spontaneous  mammary  carcinoma  contained  about  21  per 
cent  more  urethan.  They  concluded  that  the  excess  radioactiv- 
ity present  in  neoplastic  animals  was  due  principally  to  free 
urethan  and  results  from  a lower  rate  of  catabolism  of  urethan 
in  these  animals.  This  is  in  accord  with  the  findings  of  Boy- 
land  and  Rhoden  (33)  who  demonstrated  that  the  metabolism  of 
urethan  in  tumor-bearing  rats  is  slower  than  in  normal  rats. 

Since  it  seemed  likely  that  urethan  was  enzymatically 
hydrolyzed  in  vivo  to  ethanol,  carbon  dioxide,  and  ammonia. 
Skipper  and  his  associates  (315)  tested  this  hypothesis  by 
comparing  the  fate  of  carbonyl  labeled  urethan,  methylene-la- 
beled urethan,  methylene-labeled  ethanol,  and  labeled  bicar- 
bonate and  urea  in  mice.  The  rate  of  expiration  of  C14,  the 
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percentage  of  the  total  activity  retained  by  the  mice  at  24 
hours,  and  the  general  distribution  of  radioactivity,  seemed 
to  confirm  the  conviction  that  urethan  is  degraded  in  vivo 
as  originally  proposed. 

Conaan  e$  aj.  (56)  studied  the  fate  of  urethan  in  a con- 
trolled population  of  rapidly  dividing  cells  and  in  cells  with 
a large  proportion  of  desoxyribonucleoproteln  (sperm)  in  an 
attempt  to  find  a clue  to  the  role  of  urethan  in  normal  and 
neoplastic  growths.  Control  experiments  were  carried  out  with 
the  l.a  vlv.o  hydrolysis  products  of  urethan,  carbon  dioxide  (as 
NaKC14Oa) , and  methylene-labeled  ethyl  alcohol.  The  data  ob- 
tained led  the  authors  to  question  the  suggestion  of  Dustin 
(75)  that  the  carbonyl-carbon  atom  of  urethan  is  capable  of 
reacting  extensively  with  active  groups  of  amino  acids  impor- 
tant in  cell  division,  e.g,, 

H8NC00C8H8  + HR  — H8NC0R  ♦ C8H80H 

They  also  questioned  the  ability  of  urethan  per  se  to  be  ad- 
sorbed to  cell  fractions  or  react  through  the  amide  group 
since  they  would  have  expected  to  find  both  the  carbonyl  and 
methylene-carbon  atoms  fixed  to  a greater  extent  than  the  cor- 
responding atoms  from  the  in  vivo  hydrolysis  products  of  this 
molecule,  carbon  dioxide,  and  ethanol. 

H8NC00C8H8  + HOR  —*■  RNHCOOC8H8  H80 
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In  general,  they  found  that  urethan  was  accumulated  by  sea- 
urchin  eggs  in  concentrations  equal  to  or  exceeding  the  sur- 
roundings* By  tracer  methods  they  demonstrated  that  fertil- 
ized and  unfertilized  eggs  fixed  only  a small  portion  of  the 
carbonyl  and  methylene  carbon  atoms  from  their  accumulated 
urethan,  no  more  than  might  be  accounted  for  by  fixation  of 
carbon  from  urethan  hydrolysis  products.  Sea-cucumber  sperm 
fixed  more  of  the  urethan  carbon  in  proportion  to  carbon  from 
labeled  bicarbonate  or  ethanol  than  did  eggs.  The  authors 
believe  that  this  preferential  fixation  of  urethan  carbon  in 
cells  with  a high  proportion  of  desoxyribonucleoprotein  sug- 
gests that  urethan  combines  with  some  nucleoprotein. 

Skipper  et_. a^ . (318),  using  the  technique  of  measuring 
the  incorporation  of  formate  into  nucleic  acid  purines  of 
control  and  treated  mice,  presented  data  which  indicates  that 
urethan  Inhibits  nucleic  acid  synthesis  in  vivo.  Skipper 
(314)  also  points  out  that  the  effective  reversal  of  urethan 
toxicity  to  ifa, , coll  by  2,6-diaminopurine  or  2,6-dlaminopurine 
riboside  appears  to  relate  the  action  of  this  tumor-inhibitory 
agent  to  nucleotide  metabolism.  Boyland  (32)  reports  that 
thymine  partially  neutralizes  the  chromosome— damaging  action 
of  urethan  which  suggests  that  this  agent  may  be  an  Inhibitor 
of  the  transmethylation  of  glycooyamlne  or  nicotinamide  by 
methionine  involved  in  desoxyribonucleic  acid  thymine  synthesis, 
nogers  (282)  has  obtained  data  which  suggests  that  the  onco- 
genic action  of  urethan  may  be  a result  of  conjugation  with 
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oxaloacetic  acid  or  a related  compound  which  Interferes  com- 
petively  with  nucleic  acid  pyrimidine  synthesis  at  the  level 
of  orotic  acid. 

McMillan  and  Battle  (227)  have  recently  demonstrated 
that  the  growth  and  differentiation  of  blastulae,  gastrulae, 
and  newly  hatched  larbae  of  liana  plnlens  are  retarded  when 
exposed  to  urethan.  They  suggest  that  the  effect  of  urethan 
is  due  to  the  action  of  the  molecule  as  a whole  and  not  any 
one  component  of  the  urethan  molecule.  This  supports  Corn- 
man's  (55)  belief  that  all  evidence  seems  to  indicate  that 
the  mechanism  of  urethan  inhibition  is  due  to  the  adsorption 
of  the  intact  molecule  rather  than  a chemical  combination. 

He  demonstrated  that  substitution  on  either  or  both  ends  of 
the  urethan  molecule  augments  its  inhibition  of  Arbacla  eggs 
and  concluded  that  the  amino  or  ester  linkages  appear  to  be 
unlikely  sites  for  urethan  to  combine  with  cellular  compo- 
nents. 

While  insufficient  knowledge  exists  concerning  the  mech- 
anism of  action  of  urethan  in  cancer  therapy,  as  well  as  car- 
cinogenesis, the  gaps  in  the  puzzle,  based  on  present  evidence, 
are  likely  to  be  filled  through  a more  thorough  understanding 
of  the  Implications  of  nucleic  acid  metabolism. 
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STATEMENT  OF  THE  PROBLEM 

The  increased  attention  being  given  to  the  study  of  the 
long-term  effects  of  ohemicals  on  the  body,  in  addition  to 
the  dual  nature  of  carcinogenicity  and  weak  therapeutic  activ- 
ity, has  attaohed  special  importance  to  the  study  of  uretban. 
With  regard  to  its  anti-leukemic  action  in  humans  and  induc- 
tion of  lung  tumors  in  various  strains  of  mice,  urethan  ap- 
pears to  be  highly  specific,  for  any  variation  made  in  the 
molecule  thus  far,  has  resulted  in  a decrease  or  loss  of  ac- 
tivity# As  a result  of  these  and  other  effects  brought  about 
by  variation  of  the  basic  urethan  molecule,  this  chemioal  was 
selected  for  further  study. 

The  molecular  dimensions  of  the  urethan  molecule  prob- 
ably play  an  important  role  in  the  specificity  of  this  com- 
pound in  its  anti-leukemic  action#  In  this  respect,  the  Van 
der  Waals  radii  for  some  of  the  common  atoms  and  groups  are 
significant.  These  radii  are  reported  to  be:  H,  1.2  l.j  F, 

1.35  A.j  Cl,  1.80  A. f Br,  1.95  A.;  CHa,  2.0  A.,*  and  I,  2.15  A. 
(259).  Since  hydrogen  and  fluorine,  the  two  smallest  substit- 
uents, are  approximately  the  same  order  of  size,  Sawickl  and 
Ray  (295)  prepared  monofluorlnated  urethane  as  a logical  se- 
lection of  compounds  to  be  investigated  in  cancer.  Among 
those  prepared  and  tested,  /3-fluoroethyl  carbamate,  ,6-fluoro- 
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ethyl  carbanilate,  #-fluoroethyl  4-fluorocarbanilate,  di-/3- 
fluoroethyl  N,N-methylenedi carbamate,  and  di-/0-fluoroethyl 
N,N* -benzylldenedioarbamate  were  the  only  compounds  to  re- 
ceive a t rating  for  slight  Inhibition  of  sarcoma  180  in  mice. 
All  of  the  fluorourethans  have  been  quite  toxic  (271). 

It  is  conceivable  that  a great  deal  of  the  toxicity  of 
the  fluorourethan  derivatives  may  be  linked  to  fluoroaoetate 
poisoning  of  the  Krebs  cycle.  Assuming  that  urethan  is  de- 
graded in  vivo  to  ethanol,  carbon  dioxide,  and  ammonia,  it  is 
possible  that  fluorourethan  may  dissociate  in  an  analogous 
manner  to  give  fluoroethanol  which  can  be  rapidly  oxidized  to 
the  corresponding  acetate  in  the  body.  It  has  already  been 
established  (262,263)  that  fluoroaoetate  is  activated  (like 
acetate)  and  that  it  condenses  with  oxaloacetate  to  form 
fluorocltric  acid  which  Jams  oxidation  via  the  Krebs  cycle. 

The  nature  of  the  urethan  molecule  is  so  highly  specif io 
that  its  structural  configuration  becomes  of  interest.  It  is 
the  object  of  this  research  to  prepare  urethan  derivatives  of 
enhanced  therapeutic  properties.  It  is  hoped  also  to  shed 
some  light  on  their  mechanism  of  action  in  norma’l  and  neoplas- 
tic tissue.  By  increasing  the  fluorine  content  of  the  fluoro- 
urethan molecule  the  metabolism  of  the  compound  may  be  altered 
in  such  a manner  as  to  effect  a decrease  in  its  toxicity. 
Trifluorourethan  or  its  derivatives  might  be  metabolized  in 
the  body  to  trif luoroacetic  acid  and  the  latter  compound 
should  be  incapable  of  condensing  with  oxaloacetic  acid.  It 
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is  Improbable  therefore,  that  jamming  of  the  Krebs  cycle 
would  occur  at  the  citrate  stage.  In  addition,  replacing 
one  or  both  hydrogens  on  the  nitrogen  of  the  fluorourethan 
molecule  with  various  substituent  groups,  may  confer  such  a 
stability  on  the  molecule  as  to  affect  its  mode  of  degrada- 
tion. 


* 


*! 


IV 


EXPERIMENTAL 


A.  DISCUSSION 

The  new  fluorlnated  urethane  were  prepared  by  modified 
procedures  of  methods  described  In  the  literature.  These 
methods  have  been  briefly  reviewed  by  the  author  In  the  sec- 
tion entitled  "Carbamates. " Five  general  reaction  schemes 
were  employed.  These  are;  I*  The  reaction  of  an  isocyanate 

and  alcohol;  II.  The  reaction  of  a ohlorocarbonate  with  an 

% 

amine;  III.  The  interaction  of  a carbamyl  chloride  and  al- 
cohol; IV,  The  reaction  of  an  aldehyde  with  a urethan;  and 
V,  The  reaction  of  an  acyl  halide  with  a urethan.  The  im- 
plications involved  in  the  application  of  these  general  re-  • 
action  schemes  will  be  considered  in  light  of  the  experimen- 
tal results. 

Mono-,  dl-,  and  tri-fluorourethan  derivatives  were  ob- 
tained in  fairly  good  yieldB  from  general  reaction  soheme  I. 
This  procedure  involved  refluxing  the  appropriate  fluoro- 
alcohol  and  isocyanate  from  two  to  five  minutes  in  the  pres- 
ence of  a drop  of  triethylamine  as  a catalyst.  The  catalyst 
served  to  increase  the  reaction  rate  between  the  alcohol  and 
isocyanate.  This  decreased  or  eliminated  the  formation  of 
urea  derivatives  which  resulted  from  the  reaction  of  the  Iso- 
cyanate with  small  amounts  of  moisture  present  in  the  atmos- 
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phere  and  reaction  vessel.  Elimination  of  the  catalyst  made 
it  necessary,  in  some  cases,  to  reflux  the  alcohol  and  iso- 
cyanate from  four  to  five  hours.  Under  the  conditions  for 
this  general  reaction,  2-nitrophenyl  isocyanate  did  not  react 
with  t r 1 f luor o ethanol  and  reaction  of  3-methylphenyl  isocyan- 
ate with  fluoroethanol  or  trif luoroethanol  gave  an  oily  prod- 
uct. 

The  synthesis  of  the  fluoro-alcohols,  used  as  starting 
materials  in  general  reaction  scheme  I and  III,  were  carried 
out  by  various  general  routes.  Monof luoroethanol  was  pre- 
pared in  good  yield  by  the  potassium  fluoride  exchange  reac- 
tion with  ethylene  chlorohydrin  in  glycol  solvent  at  atmos- 
pheric pressure  (157) 

H0CH8CH8C1  + KF  — H0CH8CH8F  ♦ KC1 

This  reaction  has  been  reported  (224)  to  give  monofluoro- 
ethanol  in  the  absence  of  a glycol  solvent  under  reduced  pres- 
sure. Knunyants  et  al.  (183)  have  also  prepared  monof luoro- 
ethanol in  a 40  per  cent  yield  by  the  interaction  of  hydrogen 
fluoride  and  ethylene  oxide  in  an  autoclave  at  100°  for  six 
hours.  I did  not  synthesize  dlf luoroethanol  but  the  sample 
used  had  been  prepared  by  the  reduction  of  ethyl  difluoro- 
acetate  with  lithium  aluminum  hydride  according  to  the  proce- 
dure of  Sroog  et  al.  (327). 

F8CH8CQ0C8H8  — H0CH8CHF8  + C8H50H 
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Difluoroethanol  is  also  prepared  in  good  yield  by  the  lithium 
aluminum  hydride  reduction  of  difluoroacetyl  chloride  (138>. 

I prepared  trifluoroethanol  from  benzyl  trifluoroacetate 
by  a modification  of  the  method  of  Campbell  et  al.  (48). 

This  involved  the  reduction  of  benzyl  trifluoroacetate,  a new 
compound  obtained  from  benzyl  alcohol  and  trifluoroacetic  an- 
hydride, with  lithium  aluminum  hydride  in  dry  ether  as  a sol- 
vent. 

C6H,CH>OCOCF3  HOCHeCF,  + C,HeCH80H 

The  use  of  benzyl  trifluoroacetate  was  superior  to  butyl  tri- 
fluoroacetate because  (a)  the  benzyl  ester  is  prepared  in  one 
hour  while  the  butyl  ester  is  reported  (48)  to  require  24 
hours  for  preparation;  (b)  the  final  products,  benzyl  alcohol 
(b.p.  205°)  and  trifluoroethanol  (b.p.  74-75°)  are  readily 
separated,  and  (c)  the  recovered  benzyl  alcohol  may  be  reused. 
Although  it  would  seem  more  logical  or  ideal  to  prepare  tri- 
fluoroethanol in  a one-step  reaction  by  direct  reduction  of 
trifluoroacetic  anhydride  or  trifluoroacetic  acid  with  lithium 
aluminum  hydride,  this  method  was  abandoned  when  I found  that 
the  reaction  consumed  much  valuable  time  and  could  take  an 
explosive  course.  In  this  regard,  recent  literature  (6)  warns 
that  extreme  caution  should  be  exercized  in  the  reduction  of 
any  fluorinated  compound  with  lithium  aluminum  hydride.  Vari- 
ous other  methods  cited  in  the  literature  for  the  preparation 
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of  t r 1 f luoro  ethanol  Include,  the  catalytic  reduction  of  tri- 
fluoroacetlc  anhydride  or  trifluoroacetamide  with  platinum 
blaok  under  pressure  (112,  357),  and  lithium  aluminum  hydride 
reduction  of  trlfluoroaoetyl  chloride  (137).  The  low  boiling 
point  of  trifluoroacetyl  chloride  (-27°)  made  it  inconvenient 
to  use  this  last  method.  The  platinum  black  reduction  method 
was  not  employed  because  of  the  rigorous  conditions  of  pres- 
sure, reaction  over  a long  period  of  time,  and  the  use  of 
large  amounts  of  expensive  platinum  (5  g./mole  of  amide). 

All  Isocyanates  used  in  general  reaction  scheme  I were 
commercially  available  with  the  exception  of  the  new  compound, 
21 ,3-dimethyl-4-isocyanatoazobenzene.  This  compound  was  pre- 
pared according  to  the  procedure  of  Raiford  and  Freyermuth 
(276).  Briefly,  2-amino-5-azotoluene  in  gently  boiling  tolu- 
ene was  converted  to  the  hydrochloride  by  dry  hydrogen  chlor- 
ide gas.  The  hydrochloride  was  then  converted  to  the  iso- 
cyanate by  the  action  of  phosgene  gas.  Attempts  to  prepare 
4-(phenylazo)phenyl  isocyanate  in  good  yields  from  4-amino- 
azobenzene,  as  reported  by  the  authors  cited  above,  were  dis- 
appointing. Very  low  yields  of  this  isocyanate  were  obtained. 

The  poor  yields  obtained  in  the  case  of  4— (phenylazo)— 
phenyl  Isocyanate  are  probably  linked  to  the  position  of  the 
proton  in  the  4-aminoazobenzene  hydrochloride  molecule.  The 
blue  form  of  the  hydrochloride  molecule,  in  which  the  proton 
is  located  on  one  of  the  azo  nitrogens,  is  in  equilibrium 
with  the  orange  form  of  the  hydrochloride  molecule,  in  which 


the  proton  is  located  on  the  amino  nitrogen. 
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Since  the  azo  nitrogen  is  more  basio  than  the  amino  nitrogen, 
the  equilibrium  is  shifted  towards  the  left  in  the  above 
equation,  thus  making  the  blue  form  of  4-amlnoazobenzene  hy- 
drochloride more  stable  than  the  orange  form  of  the  same  mol- 
ecule. The  orange  form  of  the  hydrochloride,  however,  appears 
to  be  necessary  for  the  conversion  of  the  amine  to  the  iso- 
cyanate. This  was  shown  by  the  fact  that  the  passage  of  phos- 
gene gas  into  boiling  toluene  containing  the  blue  form  of  4- 
aml noazobenzene  hydrochloride  even  after  four  hours  did  not 
yield  any  isocyanate.  But  when  the  free  amine  was  treated  in 
the  same  manner,  the  resulting  small  amount  of  orange  precip- 
itate was  converted  to  the  isocyanate.  The  yields  were  low 
because  the  orange  form  of  the  hydrochloride  was  converted  to 
the  blue  form  before  the  isocyanate  could  be  formed. 

In  the  case  of  2-amlno-5~&zotoluene,  the  Inductive  effect 
exerted  by  the  methyl  group  ortho  to  the  azo  nitrogen  tends  to 
decrease  the  basicity  of  the  azo  nitrogen.  The  geometry  of 
the  molecule  also  makes  it  more  difficult  for  the  proton  to 
become  situated  at  the  azo  nitrogen  than  the  amino  nitrogen. 
Therefore,  the  equilibrium  is  shifted  towards  the  orange  form 
of  the  hydrochloride.  The  blue  form  of  the  hydrochloride  could 
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not  be  visibly  detected  during  the  reaction  although  some  was 
probably  present. 


This  ao counts  for  the  fact  that  better  yields  of  the  Isocyan- 
ate were  obtained  In  this  case. 

Attempts  to  isolate  pure  £,/3-trifluoroethyl  ohlorocar- 
bonate  to  be  used  in  general  reaction  scheme  II  were  unsuc- 
cessful. The  dropwise  addition  of  trifluoroothanol  to  excess 
liquid  phosgene  (0-5°)  with  stirring  and  12  hours  standing  in 
the  cold  yielded  upon  distillation  a light-yellow  liquid  (b.p. 
69-72°)  consisting  mainly  of  unreacted  trlfluoroetbanol  and  a 
small  amount  of  trifluoroethyl  chlorocarbonate.  Reaction  of 
this  liquid  with  4-aminobiphenyl,  and  2-naphthy lamina  gave 
minute  amounts  of  the  corresponding  trifluoro-carbamates. 

This  showed  that  small  amounts  of  the  trifluoroethyl  chloro- 
carbonate were  present  in  the  impure  liquid.  Various  modifi- 
cations of  time  and  temperature  also  failed  to  yield  pure 
trifluoroethyl  chlorocarbonate.  Most  of  the  trifluoro-car- 
bamates were  better  prepared  by  general  reaction  scheme  I. 

Since  the  reaction  of  ammonia  and  the  impure  liquid  gave 
only  a ? per  cent  yield  of  /3,£,f3- trifluoroethyl  carbamate,  it 
was  necessary  to  devise  a new  method  of  synthesis.  Heating 
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trifluoroethanol  and  sodium  hydride  in  xylene  for  one  hour 
gave  a 99  per  cent  yield  of  sodium  trifluoroethoxlde.  Reac- 
tion of  this  compound  with  excess  phosgene  in  the  cold  and 
distillation  gave  a liquid  (presumed  to  be  trlfluoroethyl 
chlor ocarbona t e ) which  was  Immediately  dissolved  in  dry  ethyl 
ether.  Passage  of  dry  ammonia  into  the  mixture  gave  a 28  per 
cent  yield  of  the  trifluorourethan  whioh  was  isolated  as  a 
white  crystalline  solid  after  removal  of  ammonium  chloride  by 
filtration  and  distillation  of  the  ether.  The  reaction  se- 
quence may  be  depicted  as  follows: 

FaCCHaOH  + NaH  — *•  F8CCHa0Na  + Ha 
F8CCHa0C0Cl  + NaGl  S2.  F8CCHa0C0NHa 

The  sodium  trifluoroethoxlde  was  collected  by  filtration  from 
cold  xylene.  Upon  standing  several  days,  a small  amount  of 
white  precipitate  formed  as  platelets  in  the  xylene  filtrate. 
This  substance  has  not  yet  been  identified.  The  sodium  tri- 
fluoroethoxlde was  obtained  as  a dry  fluffy-white  powder, 
viobis  (250)  reports  that  all  attempts  to  prepare  dry  sodium 
trifluoroethoxlde  have  resulted  in  violent  explosions. 

General  reaction  scheme  III  was  employed  for  the  prepara- 
tion of  four  new  dialkyl  fluoro-carbamates.  In  each  case  the 
reaction  involved  a short  period  of  reflux  of  the  dialkyl  car- 
bamyl  chloride  with  the  fluoro-aloohol  and  recovery  of  the 
product  as  a liquid  by  vacuum  distillation.  It  was  hoped  that 
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trifluorourethan  could  be  prepared  by  reacting  trifluoro- 
ethanol  with  carbamyl  chloride  but  the  methods  described  in 

the  literature  for  the  preparation  of  the  latter  compound 

• 

were  not  suited  to  the  laboratory  facilities  at  hand.  It 
will  be  recalled  that  carbamyl  ohlorlde  is  best  prepared  by 
the  reaction  of  phosgene  and  ammonia  at  500°  (321).  Further- 
more, there  is  some  question  as  to  whether  or  not  the  compound 
has  been  isolated.  Several  attempts  to  prepare  thiocarbamyl 
chloride  (H*NCSC1)  from  the  passage  of  dry  hydrogen  chloride 
gas  into  an  ether  solution  of  thiocyanic  acid,  as  described 
by  Battegay  and  Hegazi  (15) » were  also  unsuccessful.  A light- 
yellow  precipitate  was  obtained  which  did  not  react  with  ethyl 
alcohol  to  yield  ethyl  thioncarbamate.  It  is  most  probable 
that  a polymer  of  thiocarbamyl  chloride  was  obtained. 

Fluor ina ted  diurethans  of  the  type  RCH(NHC00CH#X)„ , where 
R is  an  alkyl  or  aryl  group  and  X is  the  fluoromethyl  or  tri- 
fluoromethyl  radical,  were  prepared  by  the  general  reaction 
scheme  IV.  In  all  cases  the  aldehyde  and  urethan  were  reacted 
at  room  temperature  in  the  presence  of  a trace  of  concentrated 
hydrochloric  acid  as  a catalyst.  The  products  were  recrystal- 
llzed  quickly  to  avoid  decomposition  by  prolonged  heat.  Sen- 
sitivity to  heat  is  the  basis  for  some  of  the  low  yields  ob- 
tained. All  of  the  diurethans  were  obtained  as  colorless  to 
white  crystalline  solids.  Aldehydes  which  did  not  react  with 
urethans  are  as  follows:  2,4-dichlorobenzaldehyde*  3,4-di- 

ehlorobenzaldehyde;  3»4-methoxybenzaldehyde;  phenyl  acetalde- 
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hyde;  2-pyrldyl  aldehyde;  3-pyrldyl  aldehyde;  and  dimethyl 
aminobenzaldehyde.  Under  the  proper  conditions,  however,  a 
majority  of  the  above  aldehydes  can  be  expected  to  react  with 
urethans.  This  reaction  could  be  utilized  for  the  quantita- 
tive estimation  of  urethans  in  biological  fluids. 

Acylated  fluorlnated  urethans  were  prepared  for  the  first 
time  by  general  reaction  scheme  V.  The  acyl  chloride  was  re- 
acted with  the  fluorlnated  urethan  several  hours  at  100°  to 
yield  the  crystalline  product.  Fluoroacetyl  chloride  did  not 
react  fluorourethan  under  these  conditions. 

In  a search  for  large  substituents  which  could  be  substi- 
tuted on  the  nitrogen  of  the  urethan  molecule,  it  was  noticed 
that  the  reaction  of  xanthydrol  with  several  carbamates  had 
been  described  in  the  literature  by  Fosse  (93,  95).  On  this 
basis  it  was  decided  to  investigate  more  fully  the  reaction 
of  xanthydrol  with  carbamates  and  to  extend  this  reaction  to 
thiaxanthydrol.  Since  the  hydroxyl  group  of  xanthydrol  is 
very  active  and  is  eliminated  by  compounds  containing  active 
hydrogen  atoms,  it  was  further  decided  to  investigate  thia- 
xanthydrol as  a carbonium  ion  reagent  in  reactions  with  mole- 
cules containing  hydrogen- substituted  carbon,  nitrogen,  oxygen 
and  sulfur  atoms  of  high  electron  density. 

Xanthydrol  was  prepared  by  the  reduction  of  xanthone  with 
sodium  amalgam  (158).  Thiaxanthone  was  prepared  by  the  action 
of  concentrated  sulfuric  acid  on  thiosalicylic  acid  (115).  Re- 
duction of  thiaxanthone  with  sodium  amalgam  yielded  thia- 
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xanthydrol  (252), 

A mixture  of  acetio  acid  and  ethanol  was  used  as  a sol- 
vent in  all  reactions  of  xanthydrol  or  thlaxanthydrol  with 
compounds  containing  active  hydrogen,  Acetio  acid  reacts  with 
both  xanthydrol  and  thlaxanthydrol  to  form  the  acetate.  The 
oarbonium  ion  which  results  is  activated  and  stabilized  by 
resonance  with  the  oxonlum  or  sulfonium  ion.  The  carbonium 
ion  then  reacts  with  the  active  hydrogen-containing  compound 
to  give  the  final  product. 


♦ HOH 


OAc 


X = 0 or  S 

R = molecule  containing  G,  N,  0 and  S atom  of  high  electron 
density 
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All  reactions  were  carried  out  at  room  temperature.  Thia- 
xanthydrol  In  acetic  acid-alcohol  solvent  Is  easily  converted 
to  thiaxanthone  and  thlaxanthene  on  warming.  Xanthydrol  is 
more  stable.  In  pure  glacial  acetic  acid,  thiaxanthydrol  was 
slowly  converted  to  thiaxanthone  at  room  temperature.  Xanthy- 
drol is  more  stable  in  glacial  acetic  aoid. 

A number  of  carbamates,  not  previously  investigated,  were 
reacted  with  xanthydrol  and  thiaxanthydrol  to  give  the  N-9- 
xanthyl-  and  H-lO-thiaxanthyl-oarbamates.  The  new  derivatives 
are  shown  in  Table  III  along  with  several  xanthydrol  analogs 
that  have  been  reported  in  the  literature  but  Included  for 
purposes  of  comparison.  The  derivatives  were  prepared  by  mix- 
ing acetic  acid-alcohol  solutions  of  xanthydrol  or  thiaxanthy- 
drol and  the  carbamate  at  room  temperature.  The  resulting 
solution  was  allowed  to  stand  three  days  at  room  temperature 
even  though  solidification  took  place  immediately  in  many  in- 
stances. Most  thlaxanthene  derivatives  were  found  to  melt  at 
a lower  temperature  than  their  analogous  xanthene  derivatives. 
Many  of  the  thlaxanthene  derivatives  fluoresced  in  ultra-violet 

• 

light  while  the  analogous  xanthene  compounds,  in  several  cases, 
were  mainly  phosphorescent.  Only  unsubstituted  carbamates  re- 
acted with  xanthydrol  and  thiaxanthydrol  under  the  conditions 
used.  The  following  N-subBtituted  carbamates  did  not  reaot* 
ethyl  N-acetylc arbamat e ; ethyl  N-phenylcarbamate;  and  ethyl  N- 
phenac  ety lcarbama t e . 

Thiaxanthydrol  was  also  found  to  react  readily,  under  the 
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conditions  described  above,  with  aliphatic  and  aromatic  mer- 
captans,  Table  IV.  In  all  cases  the  product  solidified  im- 
mediately thus  making  this  reaction  excellent  for  the  char- 
acterization of  mercaptans.  In  aromatic  mercaptans  substitu- 
tion takes  place  on  the  sulfur  atom  and  not  in  the  nucleus. 
This  was  verified  by  a simple  qualitative  test  for  the  pres- 
ence of  the  SH  group.  The  failure  of  lead  mercaptide  (yellow 
precipitate)  to  be  formed  from  treatment  of  these  derivatives 
with  alcoholic  lead  acetate  showed  the  absence  of  the  3H 
group. 

Both  xanthydrol  and  thiaxanthydrol  in  acetic  acid-alcohol 
solution  gave  the  sulfides  and  selenides  when  subjected  to  a 
current  of  hydrogen  sulfide  and  hydrogen  selenide  respectively 
at  room  temperature.  Table  V.  All  of  the  derivatives  melted 
with  decomposition.  The  hydrogen  selenide  derivative  of  thia- 
xanthydrol began  to  decompose  at  a fairly  low  temperature, 
155°»  and  melted  near  190°  with  extensive  decomposition  and 
the  formation  of  a red  solid  having  the  appearance  of  free 
selenium.  The  hydrogen  sulfide  derivative  of  xanthydrol 
turned  green  with  melting.  In  general,  many  of  the  sulfides, 
including  a number  of  mercaptan  derivatives,  melted  with  de- 
composition characterized  by  a color  change,  boiling  or/and 
resolidification. 

Thiaxanthydrol  also  reacted  nicely  with  a number  of  /3-di- 
ketones.  Table  VI.  Urea,  phenetyl  urea,  m-nitrobenzoyl  hydra- 
zide,  pyrrole,  9-methylcarbazole,  and  several  negatively  sub- 
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stltuted  amines  also  afforded  derivatives  with  thiaxanthydrol , 
Table  VII.  Ho  pure  products  could  be  obtained  from  the  reac- 
tion of  thiaxanthydrol  with  thiourea  or  1-naphthyl  thiourea. 
Substitution  of  thiaxanthyl  groups  took  place  in  the  2 and  5 
positions  of  the  pyrrole  derivative.  In  the  negatively  sub- 
stituted aromatic  amines,  substitution  of  the  thiaxanthyl 
group  took  place  on  the  nitrogen  and  not  in  the  nucleus.  This 
was  shown  by  the  fact  that  the  red-orange  sulfonium  ion  was 
not  formed  when  these  derivatives  were  dissolved  in  hydro- 
chloric acid.  In  sulfuric  acid  these  derivatives  gave  a green 
fluorescent  color.  In  this  regard,  it  has  been  pointed  out  In 
the  literature  (2)  that  in  N-xanthyl  derivatives  the  carbon  to 
nitrogen  bond  Is  easily  split  in  acid  solution  to  give  the  ox- 
onium  Ion,  but  a xanthyl  group  substituted  in  the  nucleus  of 
an  aromatic  amine  is  stable  in  acid  solution.  In  9-methyl- 
carbazole,  substitution  took  place  in  the  3 position  of  car- 
bazole  as  expected.  A great  majority  of  the  substitution  re- 
actions take  place  In  the  3 position.  Consequently,  the  9- 
methylearbazole  derivative  of  thiaxanthydrol  is  stable  and 
did  not  form  the  sulfonium  ion  in  acid  solution.  Thiaxanthy- 
drol and  9-ethylcarbazole  reacted  in  acetic  acid-alcohol  solu- 
tion to  give  an  oily  substance  from  which  a pure  product  could 
not  be  isolated. 

Since  xanthydrol  had  been  shown  to  react  readily  with  a 
number  of  amides  (267)  and  sulfonamides  (266),  these  reactions 
were  attempted  with  thiaxanthydrol.  Under  the  conditions  used. 
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however,  none  of  the  following  amides  and  sulfonamides  would 
react:  acetamide#  f luoroaeetamide#  benzamlde;  benzacet amide; 

oc-phenylpr  opl onami de # fluorene-4-oarboxamide;  phthalimide# 
benzenesulfonamide#  4-methylbenzenesulfonamide;  4-bromobenzene- 
sulfonamide#  3,4-diehlorobenzenesulfonamide;  and  sulfapyrldene. 
However,  we  may  expect  these  compounds  to  react  with  thia- 
xanthydrol  once  the  proper  conditions  are  established. 

B.  SYNTHESES1 

1 • Fluorinated  Urethans 

1L* — /3-Fluoroethanol  was  prepared  by  the  dropwise  addi- 
tion of  ethylene  chlorohydrin  to  a mixture  of  powdered  potas- 
sium fluoride,  ethylene  glycol,  and  diethylene  glycol  at  170- 
180°.  Drying  over  sodium  fluoride  followed  by  distillation 
yielded  a colorless  liquid,  b.p.  100-102°  (157). 

k* — £-Fluoro ethyl  chlorocarbonate  was  formed  by  treat - 
ing  /3-fluoroethanol  with  excess  liquid  phosgene  in  the  cold. 
Distillation  yielded  a clear  liquid,  b.p.  129-131°  (183). 

/Q-Fluoroethyl  carbamate  was  prepared  by  the  pas- 
sage of  dry  ammonia  into  an  ice-cold  solution  of  /3-fluoroethyl 
chlorocarbonate  in  dry  ether.  Filtration  of  ammonium  chloride 
followed  by  evaporation  of  ether  gave  colorless  crystals,  m.p. 
23-24°  (295). 


AA11  melting  points  and  boiling  points  are  uncorrected. 
Analyses  are  by  Peninsular  ChemResearch,  Inc.,  Gainesville,  Fla. 
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dj — Benzyl  trlfluoroacetate.  This  new  compound  was 
prepared  by  the  addition  of  146  g.  (0.695  mole)  of  trlfluoro- 
acetic  anhydride  to  150  g.  (1.39  moles)  of  benzyl  alcohol  in 
the  cold  followed  by  gentle  reflux  for  one  hour.  Fractional 
distillation  gave  250  g.  (88j0  of  a colorless  liquid,  b.p. 
178-179°. 

Ajjal.  Calcd.  for  C,H7Fs08:  C,  52.9;  H,  3.4. 

Found:  G,  52.9;  H,  3.4. 

Sj, — /3.6-Trlf luoroethanol . This  compound  was  pre- 
pared from  benzyl  trlfluoroacetate  by  a modification  of  the 
method  of  Campbell,  et  al.  (48).  To  a three  liter  three-neck 
flask  fitted  with  a reflux  condenser,  stirrer,  dropping-fun- 
nel, and  inlet  for  nitrogen  gas  was  added  600  ml.  of  anhy- 
drous ether.  To  this  was  added  33.6  g.  (0.884  mole)  of  pow- 
dered lithium  aluminum  hydride  and  the  mixture  was  stirred 
for  30  minutes.  Then  150  g.  (0.735  mole)  of  benzyl  trifluoro- 
acetate  was  added  at  a rate  which  would  not  cause  flooding  of 
the  condenser.  After  the  complete  addition  of  the  ester, 
stirring  was  continued  for  one  hour. 

Excess  lithium  aluminum  hydride  was  decomposed  by  the 
dropwlse  addition  of  200  ml.  of  water  which  resulted  in  con- 
siderable evolution  of  heat  and  a white  curdy  precipitate. 

The  intermediate  was  hydrolyzed  by  the  addition  of  500  ml.  of 
20j£  sulfuric  add.  Extraction  of  the  mixture  with  ether  and 
distillation  gave  a fraction  boiling  at  65-80°.  Distillation 
of  the  latter  fraction  from  concentrated  sulfuric  acid 


gave 
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47  g.  (64$)  of  a colorless  liquid,  b.p.  74-75°.  Lit.  74.05 

(337). 

— 4-AjBlnoazobenzene  was  prepared  by  warming  a mix- 
ture of  dlazoaminobenzene  In  aniline  and  aniline  hydrochloride. 
Addition  of  concentrated  hydrochloric  acid  to  the  mixture 
after  24  hours  standing  in  the  cold  gave  the  hydrochloride. 

I'he  free  amine  was  obtained  by  treatment  with  ammonium  hydrox- 
ide, m.p.  126°  (332). 

— 4=jPh9nylazo) phenvl  isocyanate.  This  compound  was 
prepared  in  poor  yield  (8$)  by  the  passage  of  phosgene  into  a 
gently  boiling  mixture  of  toluene  and  4— aminoazobenzene  hydro- 
chloride. Filtration,  and  evaporation  of  the  filtrate  fol- 
lowed by  oooling  yielded  the  product  which  crystallized  from 
hexane  as  very  small  dark-orange  needles,  m.p.  97°.  Lit.  94- 
95°  (275). 

— g-1! 3-Dlmethyl -4-lsocyanatoazobenzene.  This  new 
compound  was  prepared  according  to  the  procedure  of  Raiford 
and  Freyermuth  (276).  To  a 500  ml.  three-neck  flask  fitted 
with  a stirrer,  condenser,  and  inlet  for  hydrogen  chloride 
gas  was  added  39.8  g.  (0.177  mole)  of  2-amino-5“azotoluene 
and  400  ml.  of  toluene.  The  amine  was  then  converted  into 
tLw  hydrochloride  by  the  passage  of  dry  hydrogen  chloride  gas 
into  the  gently  boiling  solution.  This  was  followed  by  the 
passage  of  phosgene  for  two  hours  which  caused  most  of  the 
solid  to  dissolve.  The  mixture  was  cooled  and  filtered.  The 
filtrate  was  evaporated  to  one-third  of  its  volume  and  hexane 
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added  to  precipitate  the  Isocyanate.  The  dark-orange  pre- 
cipitate was  collected  by  filtration  and  several  crystalliza- 
tions from  hexane  gave  24  g.  ( 54 %)  of  the  isooyanate  as  dark- 
orange  fluffy  needles,  m.p.  59-60°. 

Anal.  Calcd.  for  Ci6HiaN,0:  C,  71. 7;  H,  5.2;  N,  16.7. 

Found:  C,  71.9;  H,  5.1;  N,  16.5. 

The  following  general  procedures  are  examples  of  the 

t 

methods  used  to  prepare  representative  types  of  the  five 
groups  of  new  compounds  reported  in  Tables  I and  II. 

^ — general  procedure  I,  Reaction  of  an  isocyanate 

Slid  alcohol, — £»A/3-TrlfluoroethTl  4-ethoxvcarbanllate.  To 
8.2  g.  (0.05  mole)  of  p-ethoxyphenyl  isocyanate  was  added  5 g. 
(0.05  mole)  of  trifluoroethanol  and  a drop  of  triethylamine 
as  catalyst.  The  mixture  was  gently  refluxed  for  a few  min- 
utes. Upon  cooling,  the  material  solidified.  Recrystalllza- 
tion  from  hexane  gave  6.8  g.  (52#)  of  white  glistening  nee- 
dles, m.p.  112°. 

-k — KjN l-dl-4-(2l , 3-dlmethvlazobenzene)urea.  This  new 
compound  was  obtained  as  a by-product  of  the  reaction  between 
2 1 , 3-dlmethyl-4-lsocyanatoazobenz9ne  and  fluoroethanol  (Gen- 
procedure  I).  Crystallization  from  nitrobenzene  gave  a 
16#  yield  of  dark-yellow  platelets,  m.p.  280-281°. 

Ajial.  Calcd.  for  Ca9H,eN60:  C,  73.1;  H,  5.9;  N,  17.6. 

Found:  C,  73.2;  H,  5.8;  N,  17.5. 

— General  procedure  II,  Reaction  of  a ohlorocar- 
£onate  with  aq  amine, — &J3tft-frlf luoroethvl  carbamate.  ‘This 
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compound  was  prepared  In  poor  yield  (approximately  7%)  from 
trifluoro ethanol  by  the  procedure  used  for  the  synthesis  of 
0-fluorourethan  (295).  Trifluoroethanol  was  reacted  with  5 
moles  of  phosgene  at  0-5°  and  allowed  to  stand  overnight  at 
room  temperature.  The  excess  phosgene  was  distilled  and  the 
crude  residual  liquid  (consisting  mainly  of  unreaoted  tri- 
fluoroethanol and  a small  amount  of  trifluoroethyl  chloro- 
carbonate)  was  dissolved  in  ether  and  reacted  with  dry  am- 
monia. Based  upon  the  amount  of  0,/3,p-trifluoroethyl  ohloro- 
carbonate  assumed  present  (calculated  from  the  amount  of 
ammonium  chloride  recovered),  the  yield  was  approximately 
quantitative.  The  product  was  obtained  as  a colorless  liq- 
uid, b.p.  172-174°. 

The  procedure  was  Improved  by  converting  the  alcohol  to 
the  alkoxide  in  the  following  manner.  To  a two  liter  three- 
neck  flask  fitted  with  a reflux  condenser,  stirrer,  dropping- 
funnel,  and  inlet  for  nitrogen  gas  was  added  750  ml.  of  xylene 
which  had  been  distilled  previously  from  sodium  hydride.  To 
this  was  added  13.2  g.  (0.550  mole)  of  powdered  sodium  hy- 
dride and  the  mixture  was  stirred  30  minutes  in  the  cold. 

The  system  was  purged  with  nitrogen  gas  and  50  g.  (0.500  mole) 
of  trifluoroethanol  was  added  at  a rate  which  would  not  cause 
flooding  of  the  condenser.  After  complete  addition  of  the 
alcohol,  stirring  was  continued  for  one  hour  at  room  tempera- 
ture. The  white  curdy  precipitate  which  resulted,  partially 
dissolved  in  solution  upon  warming,  and  the  mixture  was  then 
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heated  near  boiling  for  30  minutes.  Upon  cooling,  60  g. 

( 99 %)  of  a white  flocculent  precipitate,  sodium  trlfluoro- 
ethoxide,  was  collected  on  a Buchner  funnel  and  washed  well 
with  pentane  to  remove  any  remaining  xylene.  The  dry  product 
was  stored  in  a vacuum  dessicator  until  the  following  day. 

Sodium  trlf luoroethoxide  (0.491  mole)  was  added  in  small 
portions  to  400  ml.  (5.624  moles)  of  liquid  phosgene  (0-5°) 
in  a liter  three-neck  flask  fitted  with  a condenser  and  stir- 
rer. A vigorous  reaction  took  place  upon  each  addition  of 
the  alkoxide.  Stirring  was  continued  one  hour  after  complete 
addition  of  the  alkoxide  and  the  mixture  allowed  to  stand 
overnight  in  the  cold.  The  unreacted  phosgene  and  trifluoro- 
ethyl  chloro carbonate  were  separated  from  the  precipitate 
( sodium  chloride)  by  filtration.  The  precipitate  was  ex- 
tracted several  times  with  ether  and  the  combined  ether  ex- 
tracts added  to  the  main  filtrate.  The  unreacted  phosgene 
was  distilled  off  and  500  ml.  of  ether  was  added  to  the  moth- 
er liquor. 

Excess  dry  ammonia  was  passed  into  the  ice-cold  ether 
solution  of  trif luoroethyl  chlorocarbonate  for  one  hour. 
Filtration  gave  7.5  g.  of  ammonium  chloride.  Vacuum  distil- 
lation at  120°  and  0-10  mm.  gave  20  g.  (28$)  of  colorless 
crystals,  m.p.  28.5-30°. 

1* — General  procedure  III.  Interaction  of  a carbamvl 

£hl9ride,  and  alcohol. ft-Fjuoroethyl  N.N-dlmethvlcarbamate. 

A mixture  of  5 g.  (0.078  mole)  of  fluoroethanol  and  8.4  g. 


76. 

(0.078  mole)  of  dimethylcarbamyl  chloride  was  refluxed  45 
minutes.  Vacuum  distillation  at  75-80°  and  5 mm.  yielded  8 g. 
(76$)  of  a colorless  liquid. 

ffij — general  procedure  IV.  Reaction  of  an  aldehyde 
a urethftn. — Dj-ff.fl.ff.trlfluoroethyl  N.N1  -ethylldenedl- 
carbamate.  To  a solution  of  0.1  g.  (0.002  mole)  of  acetalde- 
hyde and  0.6  g.  (0.004  mole)  of  trifluorourethan  was  added  a 
micro-drop  of  concentrated  hydrochloric  acid.  The  mixture 
was  allowed  to  stand  overnight.  Sometimes  solidification  of 
the  product  was  hastened  by  scratching  of  the  reaction  vessel 
with  a stirring  rod.  The  solid  material  was  recrystallized 
from  aqueous  ethanol  and  gave  0.5  g.  (83$)  of  white  needles, 
m.p.  168°. 

&*■■■■  general  procedure  V.  Reaction  of  an  acyl  halide 
yJJh .a  upethapt — &-Chloroethvl  N-fluoroacetvlcarbamate.  To 
3 g.  (0.024  mole)  of  ^-chloroethyl  carbamate  was  added  2.4  g. 
(0.025  mole)  of  fluoroacetyl  chloride.  The  mixture  was  heated 
on  a steam  bath  for  two  hours  or  until  the  rapid  evolution  of 
hydrogen  chloride  gas  ceased.  The  mixture  was  cooled  and  the 
solid  material  washed  well  with  pentane  to  remove  any  unre— 
acted  acyl  halide.  Recrystallization  from  pentane-hexane  gave 
1 g.  (24$)  of  colorless  crystals,  m.p.  59-61°. 


TABLE  I 

MONOFLUORiNATED  AND  ANALOGOUS  URETHAN8 
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C ompound 

°C. 

Yield 

% 

Formula 

General  procedure  I 

/3-Fluoroethyl  3-chlorooarbanilate  36-38 
Calcd.:  N,  6.4. 

Found:  N,  6.3. 

R.S.a:  Pentane. 

40 

C9H9G1FN0. 

(3-Fluoro  ethyl  4-chlorooarban-  69.5-71 

Hate 

* . 

Calcd.:  C,  49.7,*  H,  4.1;  N,  6.4. 

60 

C9H9C1FN08 

Found:  c#  49.9;  H,  4.3;  N,  6.5. 

R.S.:  Hexane. 

• 

0-Fluoroethyl  2-nitrocarbanilate  65-66 
Calcd.:  Nt  12.3. 

Found : N#  12.2. 

64 

c9h9fn8o4 

R.S.:  Heptane. 

(3-Fluoroethyl  3-nitrocarbanilate  88-89 
Calcd.:  N,  12.3. 

Found:  N,  12.1. 

R.S.:  Methanol. 

51 

c9h9fn8o4 

(3-Fluoroethyl  4-nitrocarbanilate  137-139 
Calcd.:  Cf  47.4;  H,  3.9 ; N,  12.3. 

Found:  C,  47.4;  H#  3.9;  N , 12.3. 

R*S.:  Heptane. 

14 

C9H9FNg04 

0-Fluoro ethyl  4-methylcarbanilate  64-65 
Calcd.:  N,  7.1. 

Foimd:  N,  7.0. 

R.S.:  Hexane. 

5- ■ — 

55 

OioHisJ’NO* 

Ty— "■  1 "■  - 

Denotes  recrystallizing  solvent. 


TABLE  I— Continue^ 
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^ -Fluor  o ethy  1 4-methoxycarban-  88-89  4l  CXoHX8FN08 

Hate 

Calcd. : N,  6.6. 

Found:  N,  6.6. 

R.S.:  Hexane. 

P-Fluoroethyl  4-ethoxycarban-  91.5-92.5  62  CXXHX4FN08 

llate  . 

Galcd.:  c,  58. 1;  H,  6.2. 

Found : C,  58.0;  H,  6.1. 

R.S.:  Heptane. 

<3 -Fluoroethy  1 N-l-naphthylcar-  130-130.5  60  CxaHX8FN08 

hamate 

Calod. : N,  6.0. 

Found:  N,  6.0. 

R.S.s  Heptane. 

£-Fluoroethyl  N-4-xenylcarbamate  148  73  CX8H1<aFN0s 

Galcd.:  c,  69.5;  H,  5.4;  N,  5.4. 

Found:  C,  69.5 ; H,  5.5;  N,  5.3. 

R.S.:  Heptane. 

4- ((3  -Fluorocarbetteoxyamino)-  115-116  50  CX*HX8FN808 

2 # 3-dime thy lazobenzene 
Calod. : C,  64.8;  H,  5.7;  N,  13.3. 

Found:  c,  64.7;  H,  5.8;  N,  13. 1. 

R.S. : Hexane-heptane. 


TABLE  I— Continued 
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Compound 

M.p. 

°c. 

Yield 

% 

Formula 

General  Procedure  III 

0-Flu or o ethyl  N,N-dlmethyl- 
carbamate*5 

b.p.  75-80 
(5  nun.) 

76 

CBHXoFNOa 

Calod. : N,  10.3. 

Found!  N,  10.4 

0-Fluoroethyl  H,N-dl ethyl- 
carbamate*5 

b.p.  96 
(23  mm.) 

69 

C7HX4FNOa 

Calcd. : N , 8.6. 

Found:  N,  8.5. 

General  Procedure  IV 

Dl-0-fluoroethyl  N,N' -furfuryl- 
Id enedi carbamate 

191-192 

51 

CxxHX4F8N.O. 

Calod.:  G,  45.2;  H,  4.8;  N, 

9.6. 

Found:  C,  45.1;  H,  4.7;  N,  9 

H.S.:  Ethanol. 

•9« 

Dl-0-fluoroethyl  NtN'-2,4-di- 
chlorobenzylidenedlcarbamate 

211 

68 

0xsHx*ClaFaNa04, 

Calcd.:  Nt  7.5. 

Found:  N,  7.6. 

R.S. : Ethanol  or  ethylene 

dlchloride. 

Dl-0-fluoroethyl  NtN'-3.4-dl- 
chlorobenzylldenedlcarbamate 

209-210 

50 

OxaRx^OlaFaNsO* 

Calcd.:  N,  7.5. 

Found:  N,  7.4 

R.S.:  Ethylene  dlchloride. 

R 

Prepared  from  0-fluoroethyl  ohlorooarbonate  and  the 


appropriate  dialky lamine  by  Olah  and  Pavlath  (255). 
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TABLE  I— ( 


Compound  ®J*P*  Yield  Formula 

°C.  % 


Dl-/3-f  luoroethyl  N,N*  -4-chloro- 
benzy lid  enedl carbamat e 
Calcd. : N,  8.3. 

Found:  N,  8.2. 

R.S.:  Methanol. 

Diethyl  N,N‘ -4-ehlorobenzyl- 
ld ened 1 carbamat e 
Calod . : N,  9.3. 

Found:  N,  9.3. 

R.S.:  Methanol. 


214-215  38  C18H18C1F8N804 


197-199  62  Ci,Hi7C1N804 


Dl-/3-fluoroethyl  N,N‘  -piper-  180-181  38  Ci4HX4F8N804 

onylid  enedl carbamat  e 
Calcd.:  N,  8.1. 

Found:  N,  7.9. 

R.S. : Methanol. 

Dl-/3-fluoro ethyl  N,N'  -4 -methyl-  220  56  C14H18F8N804 

benzy lid  enedl carbamate 
Calcd.:  C,  53.2;  H,  5.7;  N,  8.9. 

Found:  c,  53.3;  H,  5.7;  N#  8.7. 

R.S. : Ethanol. 

Di-/3-fluoroethyl  N,N' -4-m ethoxy-  203  27  Cx4Hi*F8N808 

benzylidenedloarbamate 
Calcd.:  N,  8.4. 

Found:  N#  8.3. 

R.S.:  Methanol. 
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TABLE  I— .Continued 


Compound  M,p#  Yleld  Formula 

°C.  % 


Dl-3-fluoroethyl  N,N '-phen ethyl-  177-178  60  CX4HX8F8N804 

Id  enedl earbamat  e 

Calod.i  C,  53.2;  H,  5.7;  N,  8.9. 

Found:  C,  53.3;  H,  5.7 ; N # 8.7. 

R.S.:  Ethanol. 

Diethyl  N,N 1 -4-methylbenzyl-  198-199  77  CX4H8oN804 

ldenedlcarbamate 
Calcd.:  N,  10.0. 

Found:  N,  9.9. 

R.S.:  Ethanol. 

D1  -|3 -f luoroethyl  N,N ‘-hydro-  163-164  44  CX6H80F8N804 

clnnamylldenedl carbamate 
Calod.:  C,  54.5;  H,  6.1;  N,  8.5. 

Found:  c,  54.5;  H,  6.1;  N,  8.3. 

R.S.:  Ethanol. 

Diethyl  N#N '-hydroclnnamylidene-  131-132  48  CX8H88N804 

di carbamate 
Calcd,:  N,  9.5. 

Found:  N,  9.4. 

R.S.:  Ethanol. 

Di-3-f luoroethyl  N,N 1 -1-naphthyl-  208-210  48  Cx7Hx8F8N804 

ldenedlcarbamate 

Calcd.:  C,  58.0;  H,  5.1;  N,  8.0. 

Found:  C,  58.1;  H#  5.2;  N,  7.8. 

R.S.:  Ethanol. 


TABLE  I — Continued 


Compound  JJ,p'  Yield  Formula 

• °C.  % 

Diethyl  N#N 1 -1-naphthylidenedi-  207-208  73  C17HfcoN80* 

carbamate 
Calcd. : N,  8.9. 

Found:  N,  8.7. 

R.S.:  Ethanol. 

* *•  » # 

General  Procedure  V 

P-Chloroethyl  N-fluoroacetylcar-  59-61  24  C5H7C1FN0S 

bamate 

**  ” * *r  » » 

Calcd. * Ct  32,1;  Hf  3.8. 

Found:  c,  32.3;  H,  3.9. 

R.S.:  Pentane-hexane. 

Ethyl  N -f luor oac et y lcarbama t e 72-74  16  CeH8FN03 

Calcd.:  C,  40.3;  H,  5,4. 

Found:  ct  40.3;  H,  5.6. 

R.S.:  Hexane. 

Ethyl  N-propionylcarbamate  78.5-79.5  67  C«HXxN0« 

Calcd.:  Cf  49.7;  H,  7.6. 

Found:  C,  50.0;  H,  7.8. 

R.S.:  Hexane. 

Di-0-fluoroethyl  N.N'-oxalyldl-  187-188  13  CeHioF8N80e 

carbamate 

Calcd.:  C,  35.8;  Hf  3.7. 

Found:  C,  35.7;  H,  3.8. 

R.S.:  Toluene. 


TABLE  I --Continued 


Compound  M* *P"  Yield 

°C«  % 

* • 

0-Fluoroethyl  H-phenacetyl-  123.5-125.5  80 
carbamate 

Calcd. t C,  58.7#  H,  5.3. 

Found:  C,  58.7;  H,  5.4. 

R.S.:  Heptane. 


Formula 


CiiH18FN0s 


84 


TABLE  II 

DIFLUORO-  AND  TRIFLUORO-URETHANS 


Compound 

M.p. 

°0. 

Yield 

% 

Formula 

General  Procedure  I 

/3,/3,/3-Trifluoroethyl  N-ethyl- 

25-26a 

71 

C8HeF8N0* 

carbamate 

Calod.s  C,  35.1;  H,  4.7;  N, 

8.2. 

Found : C,  34.9;  H,  4.6;  N, 

8.2. 

(3,/3,6-Trifluoroethyl  3-ohloro- 

37-38 

53 

C9H7C1FSN08 

carbanllate 

Calcd. : C,  42.6;  H,  2.8;  N, 

5.5.' 

Found:  C#  42.5;  H,  2.8;  N, 

R.S.15:  Pentane. 

5.4. 

#,/3*3-Trifluoroethyl  4-chloro- 

72-73 

79 

C9H,C1FsN08 

carbanllate 
Calcd.:  N,  5*5. 

Found:  N,  5.3. 

R.S.:  Hexane. 

0»@»/3-Trlfluoroethyl  3-nitro- 

92-93 

69 

C9H7F sN804 

carbanllate 
Calcd.:  N,  10.6. 

Found:  N,  10.6. 

R.S.:  Heptane. 

|3»(3>/3-Trifluoroethyl  4-nltro- 

131-131.5 

48 

C9H7F  aN 804 

carbanllate 
Calcd.:  N,  10.6. 

Found:  N,  10.7. 

R.S.:  Heptane. 

aB.p.  90-91°  (37  mm.). 
bDenotes  recrystallizing  solvent. 


TABL&  II — Continued 


Compound  M,p*  Yield  Formula 

< °C.  % 

&0-Difluoroethyl  carbanllate  41-42  ' 38  C,H»FaN08 

Calcd.i  C,  53.7;  H,  4.4;  N,  6.9. 

Found:  C,  53.6;  H,  4.5;  N,  6.8. 

R.S.:  Pentane. 

/3,0,(3-Trlfluoroethyl  carbanllate  70  92  C9HeFsN0a 

Calcd. : G,  49.3;  Hf  3.7 ; N,  6.4. 

Found:  C,  49.6;  H,  3.8;  H,  6.3. 

R.S.:  Hexane. 

/3,/3,ft-Trlfluoroethyl  4-methyl-  90.5-91.5  86  CioHleFaNOa 

carbanllate 
Calcd.:  N,  6.0. 

Found:  N,  5.8. 

R.S.:  Hexane. 


fitfi Tr  if  luoro  ethyl  4-methoxy-  84-85  83  C10Hx0FaNOa 

carbanllate 

Calcd.:  C,  48.2;  H,  4.0;  N,  5.6. 

Found:  Cf  48.3;  H,  4.1;  N,  5.4. 

R.S.:  Hexane. 

jS^-Dlfluoroethyl  4-ethoxy-  95-96  52  CxxHiaFaNOa 

carbanllate 

Calcd.:  G,  53.8;  H,  5.3;  N,  5.7. 

Found:  C,  53.8;  H,  5.4;  N,  5.7. 

R.S.:  Heptane. 

/3,10,£-Trlfluoroethyl  4-ethoxy-  112  52  CxxHiaFaNOa 

carbanllate 
Calcd.:  N,  5.3. 

Found:  N,  5.4. 

R.S.:  Hexane. 
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TABLE  II— Continued 

• 

Compound  &«p« 

c * 

Yield  Formula 
% 

# 

/3,0-Dlfluoroethyl  N-l-naphthyl-  103 

> ■ «v  r.  A.  »V 

carbamate  # 

Calcd. : C,  62.1;  H,  4.4;  Kf  5.5. 

Found:  C,  62.3;  H,  4.2;  Nf  5.5. 

B.S.:  Heptane. 

17  C18HiJLF8NOa 

/3,0-Difluoroethyl  N-2-naphthyl-  91-92 
carbamate 

Calcd.:  C,  62.1;  H,  4.4;  Nt  5.5. 

Found:  C,  62.2;  K,  4.5;  N,  5.4. 

R.S.:  Heptane. 

40  CiaHixF*NOa 

|3  »(3-Tr if luoroethyl  N-l-  109 

naphthylcarbamat  e 
Calcd.:  C,  57.9;  H,  3.7;  N,  5.2. 

Found:  Cf  58.0;  H.  3.7;  N,  5.1. 

R.S.:  Hexane. 

71  C18H10F8NOa 

/3,0,0-Trifluoroethyl  N-2-  114.5 

naphthylcarbamat  e 
Calcd.:  N,  5.2. 

Found:  N,  5.4. 

R.S.:  Heptane  or  hexane. 

80  Ci8Hl0F8NQa 

/3,0  ^3  -Trlf luoroethyl  N-4-xenyl-  168 

carbamate 

Calcd.:  C,  61.0;  H,  4.1;  N,  4.8. 

Found:  C,  61.0;  H,  4.1;  N,  4.8. 

R.S.:  Heptane. 

44  CxaHxaF8N0a 
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TABLE  II — Continued 


Compound  Yield  poraiula 

°C.  % 


General  Procedure  II 

A»(3-Trif luoroethyl  oarbamate  28.5-30°  28  CsJUFaNO* 

Calcd. : C,  25.2;  Hf  2.8;  N,  9.8. 

Found;  C,  25.1;  H,  2.7;  N,  9.9. 

Trifluorocarbethoxy-  143  80d  CX7HX6FaNa0a 

amino)-2‘ ,3-dimethylazobenzene 
Calcd.;  N(  11.9. 

Found:  N,  11.9. 

R.S.;  Hexane. 

#*  tr  i . . 

General  Procedure  III 

/3,0,0-Trlfluoroethyl  N,N-dl-  b.p.  58  42  CaHaFaNOa 

methylcarbamate  (20  •B*) 

Calcd, : N,  8.2. 

Found;  N,  8.1. 


/3» 3,(3  - Trif  luoroethyl  N,N-di-  b.p.  65-68  50  CyHx8FaN0a 

ethylcarbamate  mm.) 

Calcd.;  C,  42.2;  H,  6.0;  N,  7.0. 

Found;  C,  42.3;  H,  6.1;  N,  7.2. 


General  Procedure  IV 

Di-/3,(3f|3-trifluoroethyl  W,N‘-  168  83  C8HXoF6N804 

ethylldenedlearbamate 
Calcd.;  N,  8.9. 

Found;  N#  9.1. 

« f . . , - 

R.S.;  Aqueous  ethanol. 

°B.p.  172-174°. 

dYleld  based  on  amlnoazobenzene  recovered;  yield  13% 
based  on  amount  of  starting  amlnoazobenzene. 
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TABLE  II— Continued 


Compound 


M.p. 

°C. 


Yield 


Formula 


Dl-/3,^,/3-trlfluoroethyl  N,N(  - 156 

propylidenedl oarbaraat e 
Calcd. : N,  8.5. 

Found:  N,  8.5. 

R • S . : Aqueous  ethanol . 

Di-#,/3,£-trifluoroethyl  M,N!-  208 

benzylldenedlcarbamate 
Calcd.:  C,  41.7;  H,  3.2;  N,  7.4. 

Found:  C,  4l.4;  H,  3.4;  N,  7.6. 

R.S.:  Aqueous  methanol. 

El-/B»/3»/3-trifluoroethyl  N,N'-  223-224 

4-methylbenzylldenedicarbamate 
Calcd.:  c,  43.3;  H,  3.6;  N,  7.2. 

Found:  C,  43.4;  H,  3.5;  N,  7.2. 

R.S.:  Ethanol. 

Di-/3,/3,/3-trifluoroethyl  N,N>-  218-219 

1-naphthylldenedicarbamate 
Calcd.:  C,  48.1;  H,  3.3;  N,  6.6. 

Found:  C,  48.0;  H,  3.5;  N,  6.5. 

R.S.:  Ethylene  dichloride. 


86  CaHxaF4Na04 


88  C1SH18F*N*04 


69  CX4Hi4F4Na04 


62  C17H14F4Na04 
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2.  Derivatives  of  Xanthydrol  and  Thiaxanthydrol 

aj — Xanthydrol  was  prepared  by  the  reduction  of  xan- 
thone  with  alooholie  sodium  amalgam.  The  compound  was  pre- 
cipitated in  water  and  obtained  as  a white  fluffy  precipitate, 
m.p.  121-123°.  The  compound  was  not  purified  since  recrystal- 
lization  from  heptane  converted  the  product  back  to  xanthone 
and  xanthene  (158). 

bj — Thlaxanthone  was  obtained  by  the  action  of  con- 
centrated sulfuric  acid  on  thiosallcylic  acid  in  benzene. 

Small  orange  needles  were  obtained  from  alcohol,  m.p.  211-212°. 
Lit.  209°  (115). 

— Thiaxanthydrol  was  prepared  by  the  addition  of 
small  pieces  of  sodium  metal  to  a mixture  of  thlaxanthone, 
mercury  and  alcohol  while  the  mixture  was  being  shaken.  The 
product  was  obtained  as  a white  finely  crystalline  precipi- 
tate from  water,  m.p.  101-102°.  Lit.  103-104°  (252). 

General  preparation  of  new  xanthydrol  and  thia- 
xanthydrol,derivatives  (Tables  III.  IV.  V.  VI  and  VUK  /3- 
jlugrpethyl  fl-9-xanthylcarbamate.  To  a test  tube  containing 
1 s»  (0.005  mole)  of  xanthydrol  dissolved  in  a mixture  of 
1*5  ml.  of  glacial  acetic  acid  and  1.5  ml.  of  ethanol  was 
added  0.54  g.  (0.005  mole)  of  fluorourethan  dissolved  in  an 
equal  volume  of  the  same  solvent.  The  resulting  mixture  com- 
pletely solidified  after  standing  at  room  temperature  three 
days.  The  solid  material  was  collected  on  a small  Hirsoh 
funnel,  washed  several  times  with  small  portions  of  ice-cold 
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methanol,  and  reoryetalllzed  from  heptane  to  give  1 g.  (7\%) 
of  long  white  needles,  m.p.  183-184°. 


TABLE  III 

XANTHYL-  AND  THIAXANTHYL-CARBAMATES 


91 


Compound 

M.p. 

°c. 

Yield 

% 

Formula 

Methyl  N -9 -xanthyl carbamate 

19 2-19 3a 

74 

Cx.HisNOa 

Methyl  N-lQ-thlaxanthyl- 
car hamate 

Calcd. • C.  66«4 j Hj  4.8* 

155-156 

64 

cx 6hx 8no8s 

Found!  C,  66.3 ; H,  4.9. 
R.S.*5;  Heptane. 

0 

/3,3,0-Trlfluoroethyl  N-9- 
xanthylcar hamate 
Calcd.:  Cf  59.4;  H,  3.7;  N 

Found!  C,  59.3;  H,  3.8;  N# 
R.S.:  Heptane. 

166-167 

» 4.3. 

4.2. 

88 

Cx*H18F8N0s 

(5,  /3,  /3-Tr  1 f luor oethyl  N-10- 
thlaxanthylcarbamate 
Calod.!  0,  56.6;  H,  3.5. 

126-128 

47 

Cx  g Hx sFsN08S 

Found!  C,  56.7;  H,  3.6. 
R.S.i  Heptane. 

/3-Chloroethyl  N-9-xanthyl- 
car hamate 

Calcd.:  0,  63.3;  H,  4.6. 
Found!  G,  63.4;  H,  4.8. 
R.S.!  Heptane. 

171-172 

n 

* » 

53 

Cx.«x4C1N08 

aLit.  m.p.  193°  (95). 


bDenoteB  recrystallizing  solvent. 
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TABLE  III — Continued 


Compound  L.p.  Yield  Formula 

°C.  % 

£-Chloroethyl  N-10-thIaxanthyl-  114-116  50  C16Ha,4ClN0BS 

carbamate 

Calod. : C,  60.1;  H,  4.4. 

Found:  C,  60.2;  H,  4.4. 

R.S.:  Hexane. 

■ Jt  ' t i fc  ii  . • i 


ft-Fluoroethyl  N-9-xanthyl-  183-184 

carbamate 

Calod.:  C,  66.9;  H,  4.9;  N,  4.9. 

Found:  Cg  67.1;  H,  5.0;  N,  4.8. 

R.S.:  Heptane  or  methanol. 

* *. 

#-Fluoroethyl  N-lQ-thlaxanthyl-  161-162 
carbamate 

Calcd. : C,  63.4;  H,  4.6;  N,  4.6. 

Found:  C,  63.6;  Hg  4.8;  N,  4.7. 

R.S.:  Heptane. 

Ethyl  N-9-xanthylcarbamate  170-171° 

Ethyl  N-10-thlaxanthylcarbamate  170-171 
Calcd.:  C,  67.4;  H,  5.3;  Ng  4.9. 

Found:  C,  67.3;  H,  5.2;  Ng  5.0. 

H.S.:  Heptane. 


71  C14H14FNO5 


50  CnHuFNOaS 


80  Ci8H1#N0. 

52  C16H18N0*S 


Ethyl  N-9-xanthylthlolcarbamate  173-174  64  CieHieH0*S 

Calcd.:  C,  67.4;  H,  5.3;  N,  4.9. 

Found:  C,  67.5;  H,  5.1;  N,  4.8. 

R.S.:  Heptane. 


°Llt • m.p.  168-169°  (95) 
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TABLE  III- 

-Continued 

Compound 

M.p.  Yield  Formula 

°C.  % 

Ethyl  N-10-thiaxanthylthiol- 
car hamate 

Calcd.:  C,  63.8;  H,  5.0. 

Found:  C,  63.5;  H,  5.1. 

R.S.:  Heptane. 

147-149  40  CxsHx#N0S8 

Allyl  N-9-xanthylcarbamate 
Calcd.:  C,  72.6;  H»  5.3. 

Found:  C,  72.8;  H,  5.5. 

R . S . : Hexane-heptane • 

147-148  57  CX*HX8N08 

Allyl  N-10-thiaxanthyloarbamat©  106-107  40  CXVHX8N08S 

Calcd . : C,  68.7 i Ht  5.1. 

Found:  Cp  68.6;  H»  5.1. 

R.S.:  Hexane. 


n-Propyl  N-9-xanthylcarbamate 
Calcd.:  C,  72.1;  H,  6.0. 

Found:  C,  72.2;  H,  6.1. 

R.S.:  Hexane. 

144-145  71  CX7HX7N03 

n-Propyl  N-lQ-thlaxanthyl- 
car hamate 

Calcd.:  C,  68.2;  H,  5.7. 

Found:  C,  68.1;  H,  5.9. 

R.S.:  Hexane. 

123-124 . 5 73  CX7HX7N08S 

n-Butyl  N-9-xanthylcar hamate 
Calcd.:  C,  72.7;  H,  6.4. 

Found:  C,  72.9;  H,  6.3. 

R.S.:  Hexane. 

140-141  67  CX8HX9N08 
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TABLE  III- 

-Continued 

Compound 

?*•  nsld  Formula 

°0.  % 

n-Butyl  N-10-thiaxanthyl- 
earbamate 

Calcd. t C,  69.0;  H,  6.1. 
Found:  C,  68.8;  H,  6.1. 

R . S , : Hexane-heptane . 

91-92  69  CxeHisNOaS 

1 -Butyl  N-9-xanthylcar bamate 

145-I46d  64  *C18H1S(N0a 

i -Butyl  N-10-thiaxanthyl- 
car bamate 

Calcd.:  C#  69.0;  Hp  6.1. 

Found:  cp  68.9;  H,  6.1. 

R.S.:  Hexane. 

118-119  75  CX8H19N08S 

n-Amyl  N-9-xanthylcarbamate 
Calcd.:  Cf  73.3;  H,  6.8. 

Found:  C,  73 .4;  H,  6.8. 

R.S.:  Hexane. 

146-147  69  C19HaiN08 

n-Amyl  N-10-thiaxanthyl- 
carbamate 

Calcd.:  C*  69.7;  H»  6.4, 
Found:  C,  69.7;  H,  6.6. 
R.S.:  Pentane. 

83.5-85  56  Cx9H8xN08S 

n-Heptyl  N-9-xanthylcarbamate 
Calcd.:  C,  73.8;  H,  7.1. 

Found:  C,  73.5;  H,  7.0. 

R.S.:  Hexane. 

• 

* * ' \ V 4 

120  63  C8oH88NOa 

dULt.  m.p.  148°  (95). 

TABLE  III— Continued 


Compound  M*p?  Yi®ld 

°cf  f 

n-Heptyl  N-10-thlaxanthyl-  80-81  94 

oarbamate 

Caled.j  C,  70,4;  H,  6.7. 

Found:  C,  70.3;  H,  6.6. 

R#S.t  Pentane. 

» r f ' a 


Formula 


c.0h8#no,s 
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TABLE  IV 

MERCAPTAN  DERIVATIVES  OF  TH IAXAN THXDROL 

Compound  Formula 

°C*  % 


S-IG-Thiaxanthylmeroaptoac ©tic 
acid 

Calcd. : C,  62.5 ; H,  4.2. 

Found:  C,  62. 6;  H,  4.2. 

R.S.a:  Aqueous  ethanol. 

10-Ethylmercaptothiaxanthene 
Calcd.:  C,  69.8;  H,  5.4. 

Found:  C,  70.0 ; H,  5.4. 

R.S.:  Hexane  or  heptane. 

S-10-Thlaxanthyl  /3-mereapto- 
propionio  acid 
Calcd.:  C,  63. 6|  H,  4.6. 

Found:  C,  63.7;  H,  4.7. 

R.S.:  Heptane-benzene. 

S-10-Thlaxanthylmercapto- 
sucoinic  acid 
Calcd.:  C,  59.0;  H,  4.0. 

Found:  C#  59.0;  H,  4.1. 

R.S.:  Aqueous  ethanol. 

10-n-Amylmercaptothiaxanthene 
Calcd.:  C,  72.0;  H,  6.7. 

Found:  C,  72.2;  H,  6.7. 

R.S.:  Hexane. 


165-167  40  CigHigOfiSa 


135-136  65  Ci8Hi4Sa 


132—133  83  Ci6Hi40aS8 


234-235b  86  C17H1404Sa 


104-105  50  CiaHaoSa 


aDenotes  reorystallizlng  solvent, 
bMelts  with  decomposition  and  boiling. 
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TABLE  IV — Continued 


Compound  «*P*  e^d  Formula 

°G.r  % 

10-p-Nitrophenylmercaptothla-  164-166  71  Ci9H18N08S8 

xanthene 

Calod. : C , 65. Of  H,  3.7. 

Found:  C,  65.1;  H,  3.8. 

R.S.i  Heptane. 

10-Phenylmercaptothiaxanthene  152-153  50  C1#H1<aSs 

Calod. * C,  74.5;  H,  4.6. 

* 4*  s tr  f* 

Found:  C,  74.6;  H#  4.6. 

R.S.:  Hexane. 

10-/3-Naphthylmeroaptothla-  217-218°  75  C8aH1#S8 

xanthene 

Calod. : C,  77.5;  H,  5.6. 

Found:  C,  77.3;  H,  5.7. 

R.S.:  Methyl  oellusolve. 


cRe80lidifies  after  melting. 


TABLE  V 
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SULFUR  AND  SELENIUM  ANALOGS  OF  XANTHYDRQL  AND  THIAXANTHYDROL 


Compound 

M.p. 

°o. 

Yield 

% 

Formula 

9*9' -Dixanthylsulfide 

Calcd.i  C,  79.2;  H,  4.6. 
Founds  C,  79.0#  H,  4.6. 
R.S.b:  Acetic  acid. 

179-l80a 

30 

OfiftHieOaS 

10,10 '-Dithiaxanthylsulfide 
Calod.s  C,  73.2#  H,  4.2. 
Found:  C,  73.4#  H,  4.3. 

R.S.:  Acetic  acid. 

184-185° 

30 

9*9 1 -Dixanthyls  elenide 
Calod. : C,  70.7#  H,  4.1, 

Found:  0,  70.6#  H,  4.0. 

R.S.:  Hexane-heptane. 

145-I46d 

9 

CagHigOgSe 

10,10 1 -DithiaxanthylBelenide 
Calcd. : G,  66.0#  H,  3.8. 

Found:  C,  66.1;  H,  3.9. 

R.S* : Hexane-heptane. 

-190® 

13 

O««H10SeSa 

"•Its  with  decomposition*  This  compound  was  prepared 
by  Fosse  (94)  but  no  melting  point  was  reported* 
bDenotes  recrystallizing  solvent. 


Alerts  with  decomposition. 
dMelts  with  decomposition. 

eChanges  from  white  to  purple  at  150-155°.  Extensive 
decomposition  and  melting  when  put  in  sulfuric  acid  bath  at 
190°.  Red  solid  forms  after  melting. 
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TABLE  VI 

SOKE  /3-DIKETONES  OF  THIAXANTHYDROL 

Compound  M.p.  Yield  Formula 

°C.  % 


tf-lO-Thiaxanthylacetoaeetic 

ester 

Calod. : C,  69.9;  H,  5.5. 

Found*  C,  70.1;  H,  5.6. 
R.S.a:  Pentane-hexane. 

3-10' -Thlaxanthyl  4,4,4-tri- 
f luoro-l-( thi enyl ) -1 , 3- 
butanedione 

Calod. j C,  60.3;  H,  3.1. 
Founds  C,  60.4;  H,  3.2. 
R.S.s  Hexane 

2-10 1 -Thlaxanthyl  2-nltro- 
inda-l#3-dione 
Calod, s C,  68.2;  H,  3.4. 
Founds  C,  68.1;  H,  3.3. 
R.S.s  Benzene-heptane. 

2-10 1 -Thiaxanthyl-inda-1 , 3- 
dione 

Calod. s C,  77.2;  H,  4.1. 
Founds  C,  77.3;  H,  4.1. 
R.S.s  Hexane-heptane. 


117-118  70  CigHieOgS 


143-144  24  C.iHiBF.OaSa 


188-189  67  Ca#H18N04S 


141-142  71  C*,HX40«S 


aDenotes  reorystallizing  solvent. 
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TABLE  VII 

OTHER  NITROGEN  DERIVATIVES  OF  XANTHYDRQL  AND  THIAXANTHYDROL 


Compound  Yleld  Formula 

°C.  % 


N-10-Thiaxanthyl-2-chloro-4-  170-172 
nltroanlllne 
Calod.i  N,  7.6. 

Found*  Nt  7.5. 

R.S.a*  Benzene-heptane. 

N-10-Thiaxanthyl-o-nltroanillne  150-151 
Calcd. * N,  8.4. 

Found*  N,  8.2. 

R.S.*  Hexane. 

N-10-Thlaxanthyl  N ‘-m-nitro-  194-195 

benzoyl  hydrazlde 
Calcd.*  N|  11.1. 

Found*  N,  11.3. 

R.S.*  Methanol. 

N-10-Thiaxanthyl-2-nltro-4-  165-167 

methoxyanlllne 
Calcd.*  N,  7.7. 

Found*  N,  7.6. 

R.S* t Heptane.  . . 

N-9-Xanthyl  N 1 -phenetylurea  245 

Calcd.*  N,  7.8. 

Found*  N,  7.6. 

R.S. * Methyl  oellusolve. 


55  0*9  HiaClNa0,S 


54  Cx9H14N.0*S 


11  C8oHi8N808S 


50  CaoHlcNa08S 


83  C88H8qN808 


denotes  recry  stall!  zing  solvent. 
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TABLE  VII- 

"C, antiqued 

Compound 

M.p.  Yield  Fopnula 

°C.  % 

N-10-Thiaxanthyl  N*-phenetyl- 
urea 

Calod • : Cf  70. 2;  H,  5.3. 

Found : C,  70.6;  H,  5.5 

R.S.*  Methyl  oellusolve. 

232-233  32  C8aH8oN808S 

N-10-Thiaxanthyl-3-nltroxenyl- 

amine 

Calod. 1 N,  6.8. 

Found*  N,  6.8. 

R.S.*  Heptane. 

170-171  75  C8,HxeNaOaS 

3» 10-Thlaxanthyl-9-methyl- 
oarbazole 

Calod.*  C,  82.8;  Hf  5.0. 
Found*  C,  82.6;  H,  5.3. 
R.S.s  Methyl  oellusolve. 

162-163  60  C8sHi8NS 

N,N 1 -Dl-10-thiaxanthylurea 
Calod.*  Nt  6.2. 

Found*  N,  6.1. 

R.S.*  Methyl  formamlde. 

283-285  42  C87HaoNaOS8 

2 , 5-Dl-10-thiaxanthylpyrrole 
Calod,*  C,  78.4;  H,  4.6. 
Founds  C,  78.6;  H#  4.7. 
R.S.*  Methyl  oellusolve. 

238-239  72  CaoHaiNSa 

I 
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C.  RESULTS  OF  THERAPEUTIC  TESTS 

Table  VIII  lists  the  fluorinated  urethane  that  I have 
submitted  to  the  Sloan-Kettering  Institute  for  tumor  inhibi- 
tion tests.  The  preliminary  results  of  the  tests  are  shown. 
All  of  the  compounds  are  tested  for  their  ability  to  inhibit 
the  growth  of  sarcoma  180  in  mice  under  a standardized  pro- 
cedure. The  following  method  of  screening  is  employed  (329): 
a.  The  mice  are  weighed  (Swiss  females,  18-22  g.);  b.  The 
tumor  fragments,  approximately  1.5  mm.  in  any  dimension,  are 
transplanted  by  trocar  subcutaneous ly  into  the  axillary  re- 
gion; o.  Intraperitoneal  injections  of  compounds  in  maximum 
tolerated  doses  are  begun  24  hours  later  and  continued  on  a 
repeated  basis;  d.  The  materials,  freshly  prepared  daily  in 
propylene  glycol  solution,  are  injected  twice  daily  for 
seven  days;  e.  Tests  are  repeated  at  the  same  or  a different 
level  depending  upon  results  of  first  trial.  The  compounds 
are  evaluated  as  follows: 

- No  effect,  when  the  average  diameter  was  3/4  or  more  of 
the  average  diameter  of  the  control  tumors. 

- Slight  inhibition,  when  the  average  diameter  was  1/4  to 
3/4  of  the  average  diameter  of  the  control  tumors 

♦ Marked  inhibition,  when  the  diameter  was  1/4  or  less  of 
that  of  the  control  tumors;  actually,  the  volume  of  such 
a tumor  would  be  1/64  or  less  of  the  oontrol  if  tumors 
may  be  considered  spherical. 
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TABLE  VIII 

SARCOMA  180  IN  VIVO  INHIBITION  (271) 


In  Vivo  Test 


mg. /kg.  in. 
Compound  per  mouse 

per  day 

Result 

Weight 

Change 

Grams8- 

Deaths 

/3,|3,/3-Trifluoroethyl  N- 
ethylcarbamat  e 

125 

- 

■►0.5 

♦1.5 

2 

/3»£,@-Trlfluoroethyl 

carbanilate 

125 

- 

♦0.5 

♦1.5 

P-Fluoroethyl  4-methyl- 
carbanilate 

125 

- 

0 

♦1.5 

/3»/3,#-Trlfluoroethyl  4- 
methylcarbanilate 

125 

mm 

♦1.0 

♦1.5 

/3 -Fluor o ethyl  4-methoxy- 
carbanilate 

125 

- 

±o*5 

♦1.5 

/3»|3,/3 -Fluor o ethyl  4- 
methoxycarbanilate 

125 

mm 

±2^5 

♦1.5 

1 

£-Fluoroethyl  2-nitro- 
carbanilate 

125 

Rb30 

? 

-3.0 

♦0.5 

4 

/3-Fluoroethyl  3-nitro- 
carbanilate 

125 

? 

4 

* 

R30 

? 

4 

/3»/3,/3-Trlfluoroethyl  3- 
ni tr o carbanl late 

125 

R250 

«• 

♦1.5 

±L i0 
♦1.0 

£ 

The  numerator  indicates  the  average  weight  changes 
in  the  five  test  animals  and  the  denominator  Indicates  the 
average  weight  change  in  the  control  group. 

“Denotes  retest. 
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TABLE  VIII— -Continued 


In  Vivo 

Test 

mg. /kg.  in. 

Weight 

Compound 

per  mouse 

Result 

Change 

Deaths 

per  day 

Grams 

/3»/3#/3-Trifluoroethyl  4- 

125 

- 

±LtO 

+1.5 

nltrocarbanilate 

R500 

mm 

+1.0 

(3 -Fluor  o ethyl  3-ohloro- 

125 

t 

-5.5 

+3.0 

2 

oarbanllate 

62.5 

? 

3 

R30 

- 

±1*5 

+2.5 

/3,/3,(3-Trifluoroethyl  3- 

125 

- 

+0.5 

0 

ohlorooar ban! late 

/3-Fluoroethyl  4-chloro- 

125 

? 

3 

oarbanllate 

j j **  •.  . **» 

R30 

mm 

+3.0 

/5,/3,<3-Trifluoroethyl  4- 

125 

mm 

+1.5 

chlorooarbanilate 

/3  -Fluor o ethyl  4-ethoxy- 

125 

- 

+2.5 

+3.5 

oarbanllate 

R500 

- 

_o_ 

+1.0 

/3,/3,£-Trifluoroethyl  4- 

125 

mm 

±2*5 

+3.5 

ethoxy car bani lat  e 

R500 

? 

4 

/3-Fluoroethyl  1-naphthyl 

- 125 

? 

» 

3 

carbamate 

R30 

- 

+2.5 

2 
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TABLE  VIII- -Continued 


In  Vivo 

Test 

mg. As.  in. 

Weight 

Compound  per  mouse 

Result 

Change 

Deaths 

per  day 

Grams 

/3,/3,/3-Trifluoroethyl  1- 

125 

+0.5 

0 

naphthylcarbamat e 

/3,/3,/3-Trlfluoroethyl  2- 

125 

- 

±itQ 

+3.5 

naphthylcarbamat  e 

R500 

«• 

+0.5 

1 

j3-Fluoroethyl  N-4-xenyl- 

125 

t 

TltO 

+47o 

2 

carbamate 

R125 

? 

3 

R125 

t 

+2.5 

2 

/3,/3,/3-Trlfluoro ethyl  N-4- 

125 

- 

+1.0 

xenyloarbamate 

R500 

- 

-2 

-0.5 

D1-/3 1 (b,  |3-Trif  luoroethyl 

125 

- 

+1.0 

T5To 

N,NI  -benzylldenedl car- 
bamate 

ft -Fluor o ethyl  N-S-xanthyl- 

125 

- 

=0*5. 

0 

1 

carbamate 


#-Fluoroethyl  N,N-di- 
methylcarbamate 

/3-Fluoroethyl  N,N-di- 
ethylcarbamate 
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Among  those  compounds  listed  in  Table  VIII,  only  /3-fluoro- 
ethyl  3-chlorooarbanilate  and  P-fluoroethyl  N -4-x eny 1 c arbamat e 
have  demonstrated  t activity.  More  of  the  monofluorinated 
urethans  may  have  shown  t activity,  but  at  the  dosage  levels 
employed,  they  have  been  quite  toxic.  Although  the  trlfluor- 
inated  urethans  are  less  toxic  than  the  monofluorourethans, 
they  failed  to  show  therapeutic  activity.  These  data  support 
the  idea  that  in  the  oase  of  monofluorinated  derivatives  of 
urethan,  much  of  the  toxicity  can  be  attributed  to  fluoroace- 
tate  poisoning  of  the  Krebs  cycle  by  the  formation  of  fluoro- 
oitric  acid.  Also  in  the  case  of  trif luorour ethans , asstiming 
that  trlfluoroaoetate  combines  with  ooenzyme  A,  some  of  the 
reduced  toxicity  may  be  linked  to  the  formation  of  trifluoro- 
aoetate  in  the  body  which  should  be  incapable  of  condensing 
with  oxaloaoetlo  acid.  These  phenomena  may  be  shown  as  follows: 
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It  is  possible,  however,  that  trifluorinated  urethans  may 
exert  some  therapeutic  effect  or  show  greater  toxicity  by 
combination  with  some  chemical  constituent  in  an  alternate 
metabolic  pathway. 

/ 

It  should  be  obvious  that  the  results  of  these  tests 
are  not  conclusive  and  that  the  same  compounds  under  differ- 
ent test  conditions,  different  tumors  and  different  hosts 
may  yield  useful  chemotherapeutic  effects.  This  is  vividly 
brought  to  our  attention  by  a statement  recently  made  by 
Hitohings  and  cillon  (153)  that*  "Thioguanine  and  6-meroapto- 
purine  were  submitted  for  testing  as  possible  antitumor 
agents  in  Jan.  1951-  In  the  first  trial,  6-meroaptopurine 
gave  a negative  result  (which  was,  however,  on  the  borderline 
of  scoring).  Thioguanine  had  an  unexpectedly  high  toxicity 
on  repeated  dosing,  and  several  experiments  were  required 
before  a tolerated  dose  was  determined.  Repetition  of  the 
experiments  with  6-mercaptopurine  established  it  as  a tumor 
Inhibitor  of  the  t class,  and  Law  reported  its  activity 
against  L1210  leukemia.  However,  the  observations  of  Clarke 
on  the  failure  to  grow  transplants  of  tumors  from  treated 
animals  and  the  discovery  of  regressions  of  Sarooma  180  sub- 
sequent to  therapy  indicated  an  unusual  type  of  activity  for 
this  new  antimetabolite.** 

Fluorinated  urethans  may  also  find  useful  application 
in  fields  unrelated  to  cancer.  A number  of  carbamates,  espe- 
cially ethyl  N-phenylcarbamate,  have  been  used  as  effective 
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herbicides,  A recent  report  by  George,  et  al.  (110)  compared 
the  chemical  structure  and  herbicidal  activity  of  a number  of 
esters  of  phenyloarbamic  aoid.  They  showed  that  substitution 
of  a vinyl  group  or  chlorine  atom  in  the  /3-position  of  the 
ethyl  portion  of  ethyl  N-phenylcarbaraate  produced  the  most 
active  herbicides  in  this  group  of  compounds.  On  this  basis, 
trial  of  fluorinated  N-phenyl  urethans  may  establish  these 
compounds  as  a more  active  olass  of  herbicides. 


V. 


SUMMARY 

A#  Slnoe  urethan  has  shown  weak  therapeutlo  activity  against 
cancer,  it  was  selected  as  a basis  for  further  study.  A com- 
prehensive review  and  summary  of  the  chemical  and  biological 
properties  of  urethan  has  been  made.  Fluorourethan  deriva- 
tives have  been  prepared  primarily  because  fluorine  and  hy- 
drogen atoms  are  of  approximately  the  same  order  of  size. 

h - 

B.  A total  of  120  compounds  of  various  types  have  been  pre- 
pared by  well  known  general  reaction  procedures.  Over  105 
compounds  are  new. 

C.  Twenty-five  fluorlnated  urethans  have  been  submitted  to 
the  Sloan-Kettering  Institute  for  tests  on  the  inhibition  of 
sarcoma  180  in  mice.  Two  compounds,  /3 -f luoroethyl  3-chloro- 
carbanilate  and  /3-f luoroethyl  N-4-xenyl carbamate,  were  found 
to  have  slight  activity,  Monofluorourethans  were  generally 
more  toxic  and  active  than  trif luorourethans . Toxicity  of 
the  monofluorourethans  is  attributed  to  the  fluoroacetate 
poisoning  of  the  Krebs  cycle  by  the  formation  of  fluorocitric 
acid.  Trif luorourethans,  upon  degradation  in  the  body,  should 
be  incapable  of  blooking  the  Krebs  cycle  at  the  citrate  stage. 
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D.  A new  reagent,  thiaxanthydrol,  has  been  found  which  reacts 
with  many  compounds  containing  hydrogen- substituted  carbon, 
nitrogen,  oxygen  and  sulfur  atoms  of  high  eleotron  density. 
Quantitative  techniques  could  be  developed  with  this  reagent 
which  would  be  of  value  in  bioanalytioal  chemistry.  Xanthy- 
drol  reacts  simllarily. 
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